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This study is a secondary-data analysis of adoption and maintenance of health behavior 
changes among U.S. middle-aged and older adults. This investigation focused on the impact of a 
chronic disease diagnosis on the likelihood of a health behavior change and whether the 
magnitude of change is modified by major or persistent depression prior to the chronic disease 
diagnosis. Further analyses assessed whether depression and a new chronic disease diagnosis 
affected long-term maintenance of health behaviors changes, once made. 
The study sample came from 1996-2010 waves of the Health and Retirement Study and 
consisted of 11,439 community-dwelling adults aged 50-80 years who were free of diabetes, 
heart disease, stroke, cancer, and chronic lung disease in 1996. Depression was measured by the 
8-item Center for Epidemiologic Studies Depression Scale and the short form of the World 
Health Organization’s Composite International Diagnostic Interview. Chronic disease diagnosis 
was ascertained from self-reported physician diagnosis of a specific condition. Health behaviors 
included six dichotomous measures of current smoking status, drinking level (moderate or 
excessive), vigorous physical activity (≥ 3 times per week), receipt of influenza vaccination, 
blood test for cholesterol, prostate exam for men, and mammography for women. Matched case-
control difference-in-differences estimator was used to estimate the effect of each chronic 
disease diagnosis on the likelihood of change in each health behavior. Mixed-effects logistic 
regression was applied to analyze the longitudinal impact of depression on health behaviors and 
to examine whether depression modified the impact of a chronic disease diagnosis on health 
behaviors. Kaplan-Meier estimator and the marginal risk set model were performed to assess the 
impact of a chronic disease diagnosis, depression, and their interaction on the likelihood of 
relapse after a health behavior change had been initiated. 
 Middle-aged and older adults tended to reduce smoking and drinking, and increase 
utilization of preventive health services after a diagnosis of chronic disease. However, they 
reported a consistent decline in vigorous physical activity post diagnosis across disease 
conditions. Participants with major or persistent depression at baseline were more likely to 
remain smoking and less likely to engage in vigorous physical activity during the 14 years of 
follow-up. Depression also appeared to modify behavioral responses to a chronic disease 
diagnosis. Participants with depression experienced smaller increase in influenza vaccination 
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utilization after a chronic disease diagnosis compared to their initially non-depressed 
counterparts. Depression did not seem to modify the impact of a new chronic disease on other 
health behaviors. The majority of middle-aged and older adults who initiated a health behavior 
change adhered to the change in the long-term. A new diagnosis of chronic disease did not 
appear to affect the likelihood of behavior maintenance. 
Chronic disease diagnosis may be an important teachable moment that can motivate 
individuals to spontaneously adopt risk-reducing health behaviors. More focused and intensive 
interventions are needed for those with chronic disease and comorbid depression to produce 
meaningful behavior change outcomes. Future research needs to elucidate the mechanisms 
through which chronic disease diagnosis affects health behaviors, develop and test the 
effectiveness of interventions utilizing the teachable moment effect of a chronic disease 
diagnosis, along with identifying population-based strategies to promote physical activity among 
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1.1 Background and significance 
The greatly improved life expectancy has been declared as one of the humanity’s major 
achievements (United Nations, 2002). Life expectancy in U.S. adults at age 65 rose from 15.2 
years in 1972 to 19.1 years in 2010 (Ortman, Velkoff, & Hogan, 2014). As a result of increased 
life expectancy and generational dynamics, the elderly population is growing at exponential rates. 
In the U.S., the population of individuals aged 65 and older is projected to be 83.7 million by 
2050, almost double the 2012 population of 43.1 million (Ortman et al., 2014). As we celebrate 
life with longevity, there are growing concerns that the current health care system in the U.S. is 
not well prepared to address the health challenges of a greatly expanded and significantly older 
aging population (Anderson & Horvath, 2004; Bodenheimer, Chen, & Bennett, 2009; Gehlert, 
2014). This concern was highlighted in a recent Institute of Medicine report (2008), Retooling 
for an Aging America: Building the Health Care Workforce. 
One consequence of population aging is the rising epidemic of chronic disease (M. J. 
Prince et al., 2014). Older adults share a substantial burden of chronic disease because many 
disorders are strongly age-dependent, such as type 2 diabetes, stroke, and chronic obstructive 
pulmonary disease (COPD) (M. J. Prince et al., 2014). Currently, about 80% of adults aged 65 
years and older in the United States have one chronic disease and half have at least two (He, 
Sengupta, Velkoff, & DeBarros, 2005). Chronic diseases are responsible for seven out of 10 
deaths among Americans each year and account for more than 75% of health care costs (National 
Center for Chronic Disease Prevention and Health Promotion, 2009). People with multiple 
chronic conditions are the major driving force for the increase in health care spending. A recent 
analysis of the Medicare and Medicaid claims data showed that the nearly one-third of 
beneficiaries with zero or one chronic condition accounted for only 7% of Medicare spending 
whereas the 14% with six or more chronic conditions accounted for almost half (46%) of 
Medicare spending (Centers for Medicare and Medicaid Services, 2012). 
The growing burden of chronic diseases in our aging society highlights the importance of 
promoting health behaviors among middle-aged and older adults. Type 2 diabetes, heart disease, 
stroke, cancer, and chronic lung disease are potentially preventable and certainly manageable 
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conditions (He et al., 2005). Health behaviors of regular exercise, smoking cessation, moderate 
drinking, and being up-to-date with recommended preventive health services have been 
demonstrated to play a critical role in healthy aging (Burke et al., 2001; Peel, McClure, & 
Bartlett, 2005; Sabia et al., 2012). Engaging in health behaviors has established benefits, from 
preventing morbidity among healthy individuals (Akesson, Larsson, Discacciati, & Wolk, 2014; 
Stampfer, Hu, Manson, Rimm, & Willett, 2000), to reducing additional morbidity and functional 
limitations among those with chronic diseases (Buse et al., 2007; Rejeski et al., 2012) and 
decreasing premature mortality (Wannamethee, Shaper, & Walker, 2000; Williamson et al., 
2000). 
However, unhealthy behaviors prevail in the U.S. populations of middle-aged and older 
adults. According to the latest report from the Centers for Disease Control and Prevention (CDC), 
one-fifth of middle-aged adults and nearly 10% of older adults are current smokers; and nearly 
one-fifth of middle-aged adults have five or more drinks in a day at least once in the past year 
(Schiller, Ward, & Freeman, 2014). Moreover, older adults are the least physically active of any 
age group (Schiller et al., 2014). In addition, the rates of middle-aged and older adults being up-
to-date with recommended preventive health services (Schiller et al., 2014) are not meeting the 
2020 Healthy People goals (U.S. Department of Health and Human Services, 2015). Developing 
strategies to promote healthy behaviors in midlife and older adulthood is thus crucial to promote 
healthy aging and to reduce future suffering and medical costs. 
Health promotion efforts have traditionally targeted children and young adults. There are 
doubts concerning the likelihood of changing lifelong unhealthy habits among middle-aged and 
older adults. Furthermore, there are long-held social and cultural beliefs that it is too late for 
older adults to benefit from lifestyle changes (Burbank, Padula, & Nigg, 2000). Nevertheless, 
accumulating evidence suggests that midlife and older adulthood could be critical periods for 
primary and secondary prevention. From a life-course perspective, the health damaging effects of 
unhealthy lifestyle behaviors such as smoking, physical inactivity, and excessive drinking begin 
to take their toll in midlife and accumulate into older adulthood (Gehlert, 2014). Several authors 
have argued that the relative stability of midlife represents a period of possible opportunities for 
behavior changes (Gehlert, 2014; Ory et al., 2014). Midlife and older adulthood is characterized 
with lightened responsibilities within the nuclear family, increased free time to explore 
individual interests, and improved financial stability (Ory et al., 2014). As a result, middle-aged 
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and older adults are able to focus on their behavior change efforts to reduce health risks. 
Population-based evidence has documented positive health behavior changes among middle-
aged and older adults (Margolis, 2013; Newsom, Huguet, McCarthy et al., 2012; Nigg & Long, 
2012), supporting the notion that behavior changes are not uncommon in older life. 
Nevertheless, changes in health behaviors during the aging process are poorly understood. 
We are only beginning to examine interpersonal differences in the adoption and maintenance of 
healthy behaviors during the aging process. There has been increasing attention on the potential 
behavior motivating effect of a health event, such as a diagnosis of chronic disease. The 
diagnosis of a chronic disease can serve as “teachable moment” (McBride, Emmons, & Lipkus, 
2003) to motivate individuals to spontaneously adopt risk-reducing health behaviors. Health 
behavior changes after a diagnosis of chronic disease can delay the progression of disease, limit 
long-term disability, and reduce additional morbidity and associated mortality (Buse et al., 2007; 
Rejeski et al., 2012; Williamson et al., 2000). Examining the impact of chronic disease diagnosis 
on the spontaneous adoption and ongoing maintenance of behavior changes is increasingly 
important as the number of people living with a chronic disease is growing dramatically 
(Bodenheimer et al., 2009). 
Another important, but often overlooked factor in the process of behavior change is the 
impact of mental illness such as depression. Characterized by symptoms of sadness, loss of 
interest or pleasure, feeling of low self-worth (National Institute of Mental Health, 2014), 
depression is a serious mental illness that interferes with daily life and functioning. The study of 
depression is highly relevant in the context of aging because depression is cited as the most 
prevalent mental illness among older adults (Blazer, 2003; Wallace et al., 2000). Estimated rates 
of current depressive symptoms among community-dwelling older adults range from 
approximately 8% to 16% (Blazer, 2003; CDC, 2011; 2012). Various factors such as functional 
limitations, weakened immune system, comorbidity, and social isolation make older adults 
particularly vulnerable to the health consequences of depression (Chapman & Perry, 2008). 
Evidence from systematic reviews and meta-analyses has linked depression to non-adherence to 
chronic disease management, greater health expenditures, increased disability, and lower life 
expectancy among older adults (Barth, Schumacher, & Herrmann-Lingen, 2004; Penninx et al., 
1998; Schulz et al., 2000). Although depression has been associated with health risk behaviors at 
one point in time (Allgower, Wardle, & Steptoe, 2001; Bonnet et al., 2005; Pratt & Brody, 2010), 
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it is less clear to what extent depression is associated with the adoption and maintenance of 
health behaviors in the long-term. Assessing the long-term influence of depression on health 




 The purpose of this study was to examine the independent and joint impact of chronic 
disease diagnosis and depression on the adoption and maintenance of health behaviors among 
middle-aged and older adults. 
 
1.3 Research questions and hypotheses 
 This study addressed four research questions: 
1) Do middle-aged and older adults change their health behaviors after a chronic disease 
diagnosis? 
I hypothesize that middle-aged and older adults are more likely to engage in healthy 
lifestyle behaviors (including quit smoking, reduce alcohol consumption, engage in vigorous 
physical activity) and utilize preventive health services (including receiving flu vaccination, 
blood test for cholesterol, prostate exam for men, and mammography for women) after a chronic 
disease diagnosis (diabetes, heart disease, stroke, cancer, and chronic lung disease, respectively). 
2) Are middle-aged and older adults with major or persistent depression at baseline less 
likely to engage in healthy behaviors in the long-term? 
I hypothesize that middle-aged and older adults with major or persistent depression at 
baseline are less likely to engage in healthy behaviors in the long-term. 
3) Does major or persistent depression modify the impact of chronic disease diagnosis on 
health behaviors? 
I hypothesize that middle-aged and older adults with major or persistent depression are 
less likely to make health behavior changes after a chronic disease diagnosis compared with their 
initially non-depressed counterparts. 
4) Do chronic disease diagnosis and major or persistent depression affect long-term 
maintenance of health behaviors? 
I hypothesize that having a new chronic disease diagnosis increases adherence to healthy 
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behaviors whereas major or persistent depression decreases adherence to healthy behaviors after 
a healthy behavior change has been initiated. 
 
1.4 Definition of terms 
 Chronic disease refers to non-communicable illness that is prolonged in duration, does 
not resolve spontaneously, and is rarely cured completely (National Center for Chronic Disease 
Prevention and Health Promotion, 2009). Although some forms of mental illness including 
certain types of depression can be chronic in duration and cannot be cured easily, for the purpose 
of the present study, chronic disease refers to chronic physical health conditions only. This study 
examines five of the most common and costly chronic diseases: type 2 diabetes, heart disease, 
stroke, cancer, and chronic lung disease. Because types of diabetes are not specified in the data, 
it is not possible to distinguish type 2 diabetes from other types of diabetes. Nevertheless, all 
diabetes cases are assumed to be type 2 because type 2 diabetes affects 90-95% of all diagnosed 
cases of diabetes (CDC, 2015). 
 Major or persistent depression includes major depression that meets established criteria 
for major depressive disorder and other persistent and severe clinical subtypes of depression that 
do not meet established criteria for major depressive disorder (Lavretsky & Kumar, 2002). This 
study included measures of major depressive disorder that meets the Diagnostic and Statistical 
Manual of Mental Disorders, third edition revised (DSM-III-R) (American Psychiatric 
Association, 1994) and persistent, clinically relevant depressive symptoms that lasted for at least 
two years. 
 Health behaviors refer to “overt behavior patterns, actions, and habits that relate to 
health maintenance, to health restoration, and to health improvement” (Gochman, 1997). This 
study examines three lifestyle health behaviors (i.e., smoking, drinking, and vigorous physical 
activity) and four preventive health services (i.e., receipt of flu vaccination, blood test for 







 Chapter Two has four sections. The first section provides the theoretical basis that links 
key constructs in this study. The second section presents empirical evidence regarding the impact 
of chronic disease diagnosis on health behaviors. The third section synthesizes empirical 
evidence regarding the longitudinal impact of depression on health behaviors from intervention 
and population-based studies. The final section identifies limitations of previous studies. 
 
2.1 Conceptual framework 
The diagnosis of chronic disease has been labeled as a “teachable moment” (TM), 
referred to as naturally occurring life transition or health event that could motivate individuals to 
spontaneously adopt risk-reducing health behaviors (McBride et al., 2003). The occurrence of 
TM is supported by the Health Belief Model (HBM) (Hochbaum, 1958; Rosenstock, 1960; 
Rosenstock, 1974) and other conceptual models of behavior based on the Social Cognitive 
Theory (SCT) (Bandura, 1986). The HBM emphasizes the importance of perceptions to predict 
why people will take action to prevent, to screen for, or to control illness conditions. According 
to the HBM, individuals are likely to change behaviors to reduce their risks if they perceive 
themselves as susceptible to an illness (perceived susceptibility), believe the illness would have 
potentially serious consequences (perceived severity), recognize the benefits of taking actions in 
reducing their susceptibility or severity (perceived benefits) and believe the benefits outweigh 
barriers and costs of action (weighing benefits and barriers). According to early formulations of 
the HBM (Hochbaum, 1958), these perceptions, or readiness to take action, could only be 
potentiated by cues to instigate action. The SCT, on the other hand, emphasizes that individuals’ 
interpretation of an event, for example, its significance, cause and meaning, determines whether 
cueing events will prompt subsequent behavior change. A TM, therefore, is a cognitive process 
of making sense of a cueing event that prompts subsequent behavior change. 
Drawing from these conceptual models, McBride et al. (2003) proposed a TM heuristic 
that includes three key constructs to determine whether a cueing event is significant enough to be 
a TM. They suggest that a cueing event is considered a TM to the extent as it 1) increases 
perceptions of risk and outcome expectancies, 2) prompts strong emotional responses, and 3) 
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causes a redefinition of an individual’s self-concept or social role. According to McBride et al. 
(2013), the experience of a health event, such as disease diagnosis, is considered a TM through 
these three mechanisms. First, a disease diagnosis may increase an individual’s perceptions of 
vulnerability (Strecher & Rosenstock, 1997) and over-ride optimistic biases—individuals’ 
tendency to deny personal susceptibility (Klein & Weinstein, 1997). A disease diagnosis may 
also shift individuals’ expectancies of good or bad health outcomes related to a particular 
unhealthy behavior and the value assigned to these outcomes. These increased perceptions of 
susceptibility, severity, and benefits will motivate individuals to engage in healthy behaviors, as 
delineated in the HBM. Second, a diagnosis of a serious condition may bring out strong negative 
or positive emotional responses, which may influence individuals’ interpretation of the 
significance and meaning of their experiences with the diagnosis (Lazarus, 1993). For example, a 
heart disease diagnosis may bring out fear of a heart attack, which prompts individuals’ survival 
instinct (Frijda, 1986) to engage in healthy behaviors if linkages between heart attacks and 
unhealthy behaviors are emphasized by health care providers or others. Third, a disease 
diagnosis may alter perceived norms or self-concept so that unhealthy behaviors are 
incompatible with role obligations. For example, smoking after being diagnosed with lung 
disease may be socially frowned upon because of the widely recognized link between smoking 
and lung disease (Weinstein, Slovic, Waters, & Gibson, 2004). As a result, a lung disease 
diagnosis may increase patients’ motivation to quit smoking to avoid the stigma associated with 
continuing the behavior. 
Following McBride et al.’s (2003) formulations, different disease diagnoses are likely to 
have differential impacts on behavior change. This is because the cognitive influences of disease 
diagnosis may vary in terms of perceptions of vulnerability, outcome expectancies, emotional 
response, and self-concept. For example, cognitive responses to a cancer diagnosis might be 
stronger than a diagnosis of diabetes because cancer has been described as the most feared of 
modern diseases in the mass media (Clarke & Everest, 2006). On the other hand, the impact of 
the same disease diagnosis is likely to depend on the particular behavior, as the associated risk, 
benefits, and meaning may differ by behaviors. For instance, potential health benefits of smoking 
cessation in patients with chronic lung disease are widely recognized (Scanlon et al., 2000) 
whereas the relationship between alcohol consumption and exacerbation of lung disease is less 
clear (Boe, Vandivier, Burnham, & Moss, 2009). Therefore, it is expected that chronic lung 
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disease will bring out greater reduction in smoking rate whereas its impact on drinking reduction 
is likely to be much smaller. 
McBride et al. (2003; 2008) also emphasize that predisposing factors, such as 
demographic, dispositional, and cultural characteristics, are thought to moderate the TM process 
through influences on individuals’ cognitive response to the objective experience of a cueing 
event. Individuals’ mental state, such as the presence of persistent depressive symptoms prior to 
the cueing event, is considered to be an important predisposing factor. The modifying effect of 
depression on individuals’ cognitive response of a chronic disease diagnosis can be explained by 
cognitive theories of depression (Beck, 1967; Seligman, 1975). Major cognitive theories of 
depression propose that depressive symptoms are resulted from beliefs that negative events will 
occur and that one has no control over their occurrence (Beck, 1967; Seligman, 1975). 
Depression-prone individuals are presumed to attribute their negative outcomes to internal, stable, 
and uncontrollable factors such as incompetence, and their good outcomes to external and 
unstable factors such as luck (Beck, 1967). These negative cognitive schemata cause systematic 
distortions in their perception and interpretation of information, which in turn, result in negative 
cognitive triad—negative thinking about the self, the world, and the future. Negative self-belief 
that one is deficient and inadequate, or lack of self-efficacy (Bandura, 1995), has demonstrated 
impact on the initiation and maintenance of health behaviors (R. B. Kelly, Zyzanski, & 
Alemagno, 1991; P. Lin, Simoni, & Zemon, 2005; Linde, Rothman, Baldwin, & Jeffery, 2006). 
Another consequence of the negative belief and perception of uncontrollability is motivational 
deficits, particularly in performing tasks that require complex concept-formation and problem-
solving (Weary, Marsh, Gleicher, & Edwards, 1993). Therefore, it is presumed that individuals 
with depression are less likely to adopt healthy behaviors in the face of a new chronic disease 
through cognitive distortions, diminished self-efficacy, and reduced motivation. 
 
2.2 Chronic disease diagnosis as a “teachable moment” 
In recent years, there has been a growing interest in the effect of chronic disease 
diagnosis as a TM. A comprehensive literature search revealed 16 population-based studies that 
examined health behavior changes after a chronic disease diagnosis, most of which were 
conducted in the past 10 years. Table 1 presents a summary of these studies. 
Smoking has been the most studied behavior in relevant literature, with smoking 
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cessation examined in 13 out of the 16 studies (Bidstrup et al., 2013; Falba, 2005; Hawkes, 
Lynch, Youlden, Owen, & Aitken, 2008; Karlsen et al., 2012; Keenan, 2009; Margolis, 2013; 
Newsom et al., 2012; Newsom, Huguet, Ramage-Morin et al., 2012; Nothwehr & Stump, 2000; 
Twardella et al., 2006; van Gool, Kempen, Penninx, Deeg, & van Eijk, 2007; Williams, Steptoe, 
& Wardle, 2013; Wray, Herzog, Willis, & Wallace, 1998). The majority of these studies reported 
a significant reduction in smoking after a chronic disease diagnosis, with only a few exceptions 
(Bidstrup et al., 2013; Hawkes et al., 2008; Williams et al., 2013). Even smokers who did not 
quit reduced the number of cigarettes following chronic disease diagnosis (Newsom et al., 2012). 
The three studies that did not report a significant reduction in smoking exclusively examined 
cancer diagnoses. Two of these studies (Bidstrup et al., 2013; Hawkes et al., 2008) focused on 
cancer diagnoses that are not widely perceived to be associated with smoking (i.e., breast cancer 
and colorectal cancer), which might explain why a significant reduction in smoking was not 
reported. In the other study, Williams et al. (2013) compared participants with a new, non-
specified cancer diagnosis to a comparison group consisted of cancer-free individuals who may 
have other chronic diseases. Their estimated effect of cancer diagnosis, therefore, was the 
behavior impact of cancer diagnosis relative to the impact of other diseases. It is possible that the 
comparison group experienced similar behavior changes due to other chronic disease diagnoses. 
In this case, a null result may indicate that cancer diagnosis had comparable influence over 
smoking behavior compared with other chronic disease diagnoses. 
Less consistent findings have been reported on changes in alcohol consumption after a 
chronic disease diagnosis. Four studies focusing on cancer diagnoses did not find a significant 
overall change in alcohol consumption following a cancer diagnosis (Bidstrup et al., 2013; 
Hawkes et al., 2008; Karlsen et al., 2012; Williams et al., 2013). Reduction in alcohol 
consumption was reported in another four studies (Newsom et al., 2012; Newsom et al., 2012; 
Platt, Sloan, & Costanzo, 2010; van Gool et al., 2007). Newsom et al. (2012) reported significant 
increases in the percentages of participants who did not drink or drink infrequently after a 
diagnosis of diabetes, cancer, stroke, and lung disease, respectively. In a sample of middle-aged 
and older Canadians, significant reduction in drinking was observed for participants with 
diabetes, stroke, and lung disease but not heart disease (Newsom et al., 2012). In a sample of 
older adults from the Netherlands, however, significant decrease in excessive alcohol use was 
observed only among those with a new diagnosis of cardiovascular disease (van Gool et al., 
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2007). Platt et al. (2010) adopted a somewhat different approach and categorized participants 
into five groups (abstainers, steady drinkers, increasing drinkers, decreasing drinkers, and 
sporadic drinkers) based on their drinking trajectory over the study period. They found that 
participants with a new diabetes diagnosis were less likely to be a steady drinker, an increasing 
drinker, or a sporadic drinker. In contrast, another study of baseline heavy drinkers (defined as 
having ≥3 drinks per day) reported that participants with a cancer diagnosis were half as likely to 
reduce drinking to less than 3 drinks per day during the nine years of follow-up (Karlsen et al., 
2012). Varying measures in alcohol consumption and classification of drinking levels along with 
different cultural contexts are likely to have contributed to the mixed findings. 
Studies on physical activity have generally reported discouraging results. Even when 
individuals are diagnosed with a chronic disease, physical activity level either remained 
unchanged (Williams et al., 2013) or significantly declined across chronic disease diagnoses 
(Hawkes et al., 2008; Margolis, 2013; Newsom et al., 2012; Nothwehr & Stump, 2000; van Gool 
et al., 2007). In a Canadian study, improvement in physical activity was observed among 
participants with a new diabetes diagnosis whereas lung disease diagnosis was associated with 
significant decline in physical activity (Newsom et al., 2012). Small but significant increases in 
total physical activity, walking, and number of physical activity episodes were reported after a 
diabetes diagnosis among a sample of post-menopausal women initially free of diabetes 
(Schneider et al., 2014). In the same study, however, diabetes diagnosis was not significantly 
associated with increase in vigorous and intensity physical activity (Schneider et al., 2014). 
Patterson et al. (2003) found that 20% of cancer patients reported that they began new physical 
activity after their cancer diagnosis (Patterson et al., 2003). It should be noted that in Patterson et 
al.’s study, physical activity was measured by asking if the participant had begun physical 
activities in the past 12 month that were aimed at coping with cancer or reducing the risk of 
cancer spreading or returning. This measure differs substantially from measures of physical 
activity in other studies and is likely to be more vulnerable to social desirability bias. Additional 
challenges of assessing the motivating effect of a chronic disease diagnosis on physical activity 
include the potential confounding effects of aging and disease progression. As physical activity 
declines with age and progression of diseases due to physiological changes, it is difficult to tease 
out the contribution of a chronic disease diagnosis on physical activity. 
To the author’s knowledge, no study has specifically examined the independent impact of 
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a chronic disease diagnosis on changes in utilization of preventive health services. Nevertheless, 
a sizable literature has documented the positive association of having a chronic disease and the 
likelihood of preventive health services utilization among middle-aged and older adults (Gross, 
Mead, Ford, & Klag, 2000; Musa, Schulz, Harris, Silverman, & Thomas, 2009; Scott, 
Gazmararian, Williams, & Baker, 2002; Yen, Kung, & Tsai, 2014). It should be noted that these 
studies often treated chronic diseases as “control” variables in the analyses as chronic disease 
diagnosis was not their main focus. A significant weakness in these studies was that the time 
order of chronic disease diagnosis and preventive service use was not established. As a result, it 
remains unclear whether people are more likely to use preventive services following a diagnosis 
of chronic disease or if the two events are simply correlated but not causally linked. 
Several themes emerged from the literature review. Changes in health behaviors 
following chronic disease diagnosis appear to be dependent on the types of behaviors. There 
seems to be consistent evidence regarding the impact of chronic disease diagnosis on smoking 
cessation whereas the association of a chronic disease diagnosis and changes in drinking is more 
complex. Existing evidence has presented a bleak picture of steady decline in physical activity 
after a chronic disease diagnosis. The impact of a chronic disease diagnosis on health behaviors 
also appears to be different by diseases. It seems that behavior changes are more substantial 
when the behavior examined is perceived to be an important risk factor for the specific disease 




Table 1. Summary of population-based studies on health behavior changes following chronic disease diagnosis 
 
Reference Diagnosis Outcomesa Sample Study design Follow-
up 
Covariates Results 
Bidstrup et al 
2013 












up to 9 
years 
age, education, and 
marital status 
Breast cancer diagnosis was not significantly 
associated with smoking cessation or 
reduction in drinking. 
Falba 2005 acute conditions: heart attack, 
stroke, cancer 
chronic conditions: chronic 
lung disease, diabetes, and 
heart disease 
smoking age: 51-61 
 
prospective 6 years age, sex, race, 
education, drinking, 
and history of 
chronic disease 
diagnosis 
Acute and chronic health diagnoses were 
associated with lower odds of smoking in the 
wave immediately following the event and up 
to 6 years later. 
Hawkes et al 
2008 













1 year age, sex, and 
locality 
Compared to matched control, colorectal 
cancer survivors were less likely to be 
physically active at 1 year follow-up. 
No significant changes in drinking or smoking 
were found. 
Karlsen et al 
2012 




men with cancer 










Men with cancer other than prostate cancer 
were more likely to quit smoking compared 
with cancer-free men.  
However, cancer diagnosis was associated 
with increased odds of continuing heavy 
drinking among baseline heavy drinkers. 
Keenan 2009 any new diagnosis of stroke, 
cancer, lung disease, heart 
disease, or diabetes 
smoking smokers aged 
50-75 





income, BMI, and 
wealth 
New diagnosis was associated with 3-fold 
increase in the odds of smoking cessation 
among baseline smokers. 
Margolis 2013 any new diagnosis of 
hypertension, heart disease, 
diabetes, lung disease, stroke, 
and cancer  
smoking 
physical activity 
age: 50-75 prospective 18 years age, sex, education, 






New diagnosis was associated with 2-fold 
increase in the odds of smoking cessation 
among smokers. 
New diagnosis was associated with lower 
odds of starting physical activity.  
Education was a significant moderator of the 









Table 1 (con’t) 
  
Reference Diagnosis Outcomesa Sample Study design Follow-
up 
Covariates Results 
Newsom et al 
2012 
new diagnosis of  heart disease, 
diabetes, lung disease, stroke, 













14 years unadjusted 
prevalence and then 
stratified by age, 
sex, education, and 
functional 
limitation 
Every new diagnosis was associated with 
significant reduction in smoking prevalence 
(unadjusted results). Changes differed by 
educator and functional limitation for some 
diseases. 
There was an increase in the percent of people 
who don’t drink or drink infrequently. There 
were differences in drinking by age, sex, 
education, and functional limitations for some 
diseases. 
There were no significant improvements in 
physical activity. 
Newsom et al 
2012 
new diagnosis of  heart disease, 
diabetes, lung disease, stroke, 







free adults aged 






14 years unadjusted 
prevalence and then 
stratified by sex and 
age 
Participants tended to decrease smoking and 
drinking after a chronic disease diagnosis. The 
changes were not significantly different for all 
disease diagnoses.  
No significant changes emerged in the 
percentage meeting physical activity 









prospective 4 years unadjusted 
prevalence 
The percent of smokers decreased, so did the 
percent of people who were physically active. 













20% cancer patients reported that they began 
new physical activity. 
Platt et al 
2010 
new diagnosis of diabetes, 
cancer, or stroke (dummies 
included in the same model) 
drinking adults aged 51-
61 who survived 
the entire study 
period 
retrospective 14 years age, sex, race, 








death of sibling, 
CESD score, and 
drinking history 
New diagnosis of diabetes and stroke were 
associated with decline in alcohol 
consumption. New diagnosis of cancer was 







Table 1 (con’t) 
 
Reference Diagnosis Outcomesa Sample Study design Follow-
up 
Covariates Results 
Schneider et al 
2014 
diabetes physical activity post-
menopausal 
women initially 
free of diabetes 
prospective 7 years age, race, 
education, BMI, 






number of chronic 
diseases, and 
vigorous exercise at 
age 18 
Women with new diagnosis of diabetes had 
small but significant increase in total physical 
activity, walking, and number of physical 
activity episodes. However, diabetes diagnosis 
was not significantly associated with vigorous 
intensity physical activity after adjustments. 
 
Twardella et al 
2006 
diagnosis of heart attack, 
stroke, diabetes, or cancer 
(dummies included in the same 
model) 
smoking adults aged 50-




age, sex, marital 
status, education, 
employment, BMI, 
time since disease 
diagnosis, and age 
at onset of smoking 
History of heart attack, stroke, and diabetes 
were associated with higher odds of smoking 
cessation. 
van Gool et al 
2007 










85 years from 
the Netherlands 
prospective 6 years unadjusted 
prevalence 
Those with lung disease, CVD, and arthritis, 
reduced smoking. Those with CVD reduced 
drinking. Increase in sedentary lifestyle was 
found for all participants. 






adults aged ≥ 50 






6 years age, sex, and 
household wealth 
Compared with healthy controls, participants 
with a cancer diagnosis did not report 
significant behavior changes after diagnoses. 
Wray et al 
1998 
heart attack smoking smokers aged 
51-61 
prospective 2 years sex, education, race, 






insurance, and net 
worth 
A new heart attack was associated with 
smoking cessation.  
People with higher education were more 
likely to quit smoking following heart attack. 
Note. CESD = Center for Epidemiologic Studies Depression Scale. Unless otherwise specified, studies were conducted in the US. 
a. Only outcomes relevant to the present study were displayed. 
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2.3 Depression as a barrier to health behavior change 
Epidemiological studies have consistently documented the cross-sectional association of 
depression assessed by a variety of measures and health risk behaviors, including smoking 
(Murphy et al., 2003; Mykletun, Overland, Aaro, Liabo, & Stewart, 2008; Pratt & Brody, 2010; 
Rohde, Lewinsohn, Brown, Gau, & Kahler, 2003; Wiesbeck, Kuhl, Yaldizli, Wurst, & 
WHO/ISBRA Study Group on Biological State and Trait Markers of Alcohol Use and 
Dependence, 2008), excessive drinking (Bonin, McCreary, & Sadava, 2000; Levola, Holopainen, 
& Aalto, 2011; Manninen, Poikolainen, Vartiainen, & Laatikainen, 2006; Schutte, Moos, & 
Brennan, 1995), and physical inactivity (Abu-Omar, Rutten, & Lehtinen, 2004; Galper, Trivedi, 
Barlow, Dunn, & Kampert, 2006; Motl, Birnbaum, Kubik, & Dishman, 2004; Weyerer, 1992). 
However, there has been limited evidence from population-based prospective studies regarding 
the long-term impact of depression on the adoption and maintenance of health behaviors (J. 
Breslau, Lane, Sampson, & Kessler, 2008; Motl et al., 2004; Roshanaei-Moghaddam, Katon, & 
Russo, 2009). Relevant evidence predominately came from intervention studies, as summarized 
below. 
The impact of depression on smoking cessation has been examined extensively in 
smoking cessation treatment studies (J. Breslau et al., 2008; Glassman et al., 1990; Murphy et al., 
2003; Zawertailo, Voci, & Selby, 2014; Zvolensky, Bakhshaie, Sheffer, Perez, & Goodwin, 
2014). Inconsistent findings regarding the impact of depression on smoking cessation and 
abstinence have been reported. In a longitudinal epidemiologic study of young adults, history of 
major depression at baseline increased the risk for initiation of daily smoking, but did not 
significantly decrease smokers’ rate of quitting (J. Breslau et al., 2008). A recent population-
based study reported that former smokers with major depression were more likely to relapse 10 
years later (Zvolensky et al., 2014). However, another meta-analysis of treatment studies 
published between 1966 and 2000 found no differences in either short-term (≤ 3 months) or 
long-term (≥ 6 months) abstinence rates between smokers with a history of depression and those 
without a history of depression (Hitsman, Borrelli, McChargue, Spring, & Niaura, 2003). In a 
letter to the editor in reference to Hitsman et al.’s meta-analysis, Covey (2004) pointed out the 
potential confounding effect of depression treatments on smoking outcomes. He argued that 
behavior intervention imbedded in smoking cessation treatment could have alleviated depressive 
symptoms among subjects in the treatment group, resulting in a non-significant moderating 
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effect of depression history on treatment outcomes. Based on Covey’s comments, Ziedonis et al. 
(2008) conducted an updated analysis of the initial meta-analysis. They restricted the analyses to 
participants receiving placebo or treatment-as-usual in each study to remove the potential mental 
health benefits of the experimental interventions. They found that although depression did not 
seem to affect short-term abstinence, smokers with a history of depression had a 34% lower odds 
of long-term abstinence. Another potential modifier of the association between depression and 
long-term abstinence is types of depression (Ziedonis et al., 2008). Two recent studies provided 
initial evidence on the differential effects on smoking cessation outcomes by depression status 
(i.e., history of depression vs. current/recent depression) (Gierisch, Bastian, Calhoun, McDuffie, 
& Williams, 2012; Zawertailo et al., 2014), suggesting the importance of distinguishing history 
of depression from current/recent depression. 
Contradictory results have been reported regarding the impact of depression on drinking 
outcomes of treated alcoholics including relapse, remission, as well as drinking frequency and 
intensity, with evidence linking depression assessed during treatment to more drinking or early 
relapse (Cornelius et al., 2004; Driessen et al., 2001; Greenfield et al., 1998; Kodl et al., 2008), 
less drinking (D. A. Charney, Paraherakis, Negrete, & Gill, 1998), and was not associated with 
drinking (Davidson & Blackburn, 1998; Hodgins, el-Guebaly, Armstrong, & Dufour, 1999; J. F. 
Kelly, McKellar, & Moos, 2003). In a sample of adults in an inpatient treatment program for 
alcohol dependence, a diagnosis of current major depression at entry predicted shorter times to 
first drink and relapse during the one year follow-up. Similar results were found in a sample of 
adolescents with an alcohol use disorder recruited from treatment facilities in Pittsburg 
(Cornelius et al., 2004). In comparison, analyses of a randomized, multisite psychological 
treatment trial for alcoholism revealed that depression at treatment entry predicted more intense 
drinking and more frequent drinking in the first month of treatment but the association 
disappeared in later months (Conner, Sorensen, & Leonard, 2005). Difference in assessment of 
alcohol consumption has been suggested as an important explanation for the mixed findings (K. 
Graham, Massak, Demers, & Rehm, 2007; Paschall, Freisthler, & Lipton, 2005). It appears that 
there is a stronger association between depression and heavy drinking as assessed by quantities 
consumed per occasion.  
Existing studies regarding the longitudinal association of depression and physical activity 
have predominately focused on the effect of physical activity on depressive symptoms (Daley, 
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2008; Salmon, 2001; Strawbridge et al., 2002). Concurrent evidence on the reverse relationship – 
the long-term impact of depression on physical activity level is scarce. A recent systematic 
review of randomized trials examining psychological treatment for adult depression did not 
identify any study that reported treatment effects on physical activity (i.e., whether improvement 
in depressive symptoms increased physical activity level) (Cuijpers, de Wit, & Taylor, 2014). A 
systematic review of observation studies found 11 longitudinal observational studies, only three 
of which were specifically designed to assess the role of depression on subsequent physical 
activity level (Roshanaei-Moghaddam et al., 2009). The majority of these studies showed that 
baseline depression was significantly associated with increased risk of subsequent sedentary 
behaviors whereas only two studies failed to find such relationship (Juarbe, Gutierrez, Gilliss, & 
Lee, 2006; van Gool et al., 2003). Depression has been shown as a significant risk factor for 
functional limitations and disability (Geerlings, Beekman, Deeg, Twisk, & Van Tilburg, 2001; 
Vaccarino, Kasl, Abramson, & Krumholz, 2001) that may decrease physical activity.  
Depression and depressive symptoms have been shown as barriers to receiving 
preventive health services in the general adult population (Egede, Grubaugh, & Ellis, 2010; 
Pirraglia, Sanyal, Singer, & Ferris, 2004; Xiang, 2015) and older adults alike (J. M. Thorpe, 
Kalinowski, Patterson, & Sleath, 2006; J. M. Thorpe, Thorpe, Kennelty, & Chewning, 2012). 
Using data from a nationally representative survey, Thorpe et al. (2006) found that older adults 
with psychological distress—a common symptom of depressive disorder—were 30% less likely 
to receive influenza vaccination. Depression has also been found as a risk factor for 
underutilization of recommended breast and cervical cancer screenings among women (Egede et 
al., 2010; Pirraglia et al., 2004; Xiang, 2015). Druss, Rask, and Katon (2008) found that 
individuals screened positive for major depressive disorder were more likely to have no fecal 
occult blood test and no flu shot. They also found that individuals with untreated depression were 
at risk for no blood pressure reading compared with those without depression. 
Depression also appears to be an important barrier to behavior change and maintenance 
among people with chronic disease. Studies of treatment adherence in chronic disease have 
consistently documented the association of depressive symptoms and poor self-care behaviors 
(DiMatteo, Lepper, & Croghan, 2000; Gonzalez et al., 2007; W. J. Katon et al., 2010), 
particularly among patients with diabetes (W. J. Katon et al., 2010; E. H. Lin et al., 2004). A 
meta-analysis of 12 intervention studies showed that patients with chronic diseases and comorbid 
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depression compared with those with chronic diseases alone had threefold greater odds of non-
adherence to a variety of recommended regimens, including health behavior regimen (DiMatteo 
et al., 2000). In a sample of patients with diabetes enrolled in a large health maintenance 
organization (HMO), Katon et al. (2010) found that patients with persistent or worsening 
depressive symptoms had fewer days per week of following a healthy diet or participating in 30 
minutes of exercise over a five-year period.        
                                   
2.4 Limitations of existing literature 
 The literature review reveals several gaps in knowledge about the relationship between 
chronic disease diagnosis, health behaviors, and depression. First, population-based evidence 
regarding the impact of chronic disease diagnosis on health behaviors is limited. Our 
understanding of the causal effect of chronic disease on behavior changes is constrained due to 
limitations associated with single-group, pre- and post-test research design. Only a few studies 
adopted quasi-experimental design (Bidstrup et al., 2013; Hawkes et al., 2008; Karlsen et al., 
2012; Newsom et al., 2012; Williams et al., 2013), where comparisons in changes of behaviors 
were made between participants with chronic diseases and those free of chronic diseases. Adding 
because age-related changes in health behaviors are not uncommon (Jackson, Sui, Hebert, 
Church, & Blair, 2009). 
 The majority of existing studies on behavior changes after chronic disease diagnosis 
either focused on a single disease or grouped different chronic diseases together. Varying disease 
diagnoses may have differential impacts on health behaviors and the benefits of those changes 
may be linked strongly to the type of disease diagnosis. Therefore, it is necessary to examine the 
independent effect of different chronic disease diagnoses separately as this may have important 
implications for developing individualized prevention and treatment programs. 
 Furthermore, most studies have focused on a single health behavior outcome. Admittedly, 
focusing on a single behavior enables comparison across studies of relatively standardized 
outcomes (McBride et al., 2008). Nevertheless, examining multiple behaviors could have 
potentially important implications for multiple health behavior change (MHBC) research and 
practice. MHBC focuses on the interrelationships among health behaviors and interventions 
designed to promote change in more than one health behavior at a time (Prochaska, Spring, & 
Nigg, 2008). The rationale for MHBC is that potentially preventable chronic diseases are 
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influenced by multiple health risk behaviors, which often co-occur (Prochaska et al., 2008). Very 
few individuals meet criteria for a healthy lifestyle when multiple health behaviors are studied 
(Reeves & Rafferty, 2005), and the majority of adults exhibit two or more risk behaviors (Fine, 
Philogene, Gramling, Coups, & Sinha, 2004). If interventions could simultaneously improve 
multiple risk behaviors, it would be more efficient and have greater health benefits and impact. 
 In addition, population-based evidence regarding the long-term impact of depression on 
health behaviors is scarce. No study has examined whether depression status modifies changes in 
health behaviors after a chronic disease diagnosis. Although depression has been linked to poor 
self-care behaviors among people with chronic diseases (DiMatteo et al., 2000; Gonzalez et al., 
2007; W. J. Katon et al., 2010), there is no clear evidence regarding whether people with 
depression are less likely to make health behavior changes in the face of a new chronic condition. 
Also, based on the literature review, the effects of history/distant depression and 
concurrent/recent depression on behavior outcomes may vary. A notable limitation of many of 
previous studies is that depression was measured concurrently or after a chronic disease 
diagnosis. Depression after a diagnosis of chronic disease is not uncommon (Cole & Dendukuri, 
2003). Depressive symptoms could be secondary to the chronic diseases or the onset of 
depression preceded the chronic diseases. As a result, it is difficult to determine the independent 
impact of depression, because depressive symptoms could have caused by disease diagnosis or 
disease progression. Therefore, it is necessary to distinguish depression that occurred prior to a 
chronic disease diagnosis from concurrent depression that emerged after a chronic disease 
diagnosis. 
 Finally, little is known regarding the determinants of long-term behavior maintenance 
after a healthy behavior change has been initiated among middle-aged and older adults. The 
psychological processes that guide the initiation and maintenance of a new behavior may be 
different during these phases of the life cycle (Rothman, 2000). New chronic disease diagnoses, 
functional limitations, altered physiology of the aging body bring unique challenges to 
maintaining healthy behaviors during the aging process. Identifying risk factors for relapse of 
unhealthy behaviors is likely to have important implications for healthy aging. 
 In an attempt to address these limitations, I examined the impact of chronic disease 
diagnosis on health behaviors over a 16-year period in a nationally representative sample of 
middle-aged and older adults. The prospective study design with extended follow-up period 
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permitted the investigation of adoption and long-term maintenance of health behaviors. I 
assessed the impact of disease diagnoses including diabetes, heart disease, stroke, cancer, and 
chronic lung disease separately. Furthermore, I examined multiple health behaviors including 
smoking, drinking, vigorous physical activity, and adherence to recommended preventive 
medical procedures. Examining whether a recent diagnosis of chronic disease can simultaneously 
change multiple health risk behaviors has potentially important implications for Multiple Health 
Behavior Change research and interventions. In addition, I explored intrapersonal differences in 
response to a chronic disease diagnosis, with a focus on differences by depression status. I also 
evaluated patterns of behavior maintenance and identified risk factors for relapse after initial 







3.1 Data  
This study analyzed individual-level data from the Health and Retirement Study (HRS), a 
longitudinal panel study of changes in health and labor force participation in later life. The HRS 
is primarily sponsored by the National Institute on Aging (NIA) (grant number NIA 
U01AG009740) with additional funding from the Social Security Administration (SSA) and 
conducted by the Institute for Social Research at the University of Michigan. The HRS collects 
information about income, work, assets, health insurance, disability, physical health and 
functioning, cognitive functioning, and health care expenditures. It was launched in 1992 and 
follow-up interviews have been conducted every other year since then, with overall response 
rates over 80% across waves. The HRS is well-suited for this study because it contains rich 
information on health behaviors, physical health, diagnoses of chronic diseases, depression and 
mental health. Its extended follow-up periods enable investigation of long-term maintenance in 
newly developed health behaviors and the association those changes have with chronic disease 
diagnoses and depression.  
The HRS sample is selected using a multi-stage area probability sample design with 
oversampling of African Americans, Hispanics, and Floridians. The HRS interviews age-eligible 
members (from specified birth year cohorts, generally those older than 50 years of age at the 
time of the first interview) from eligible household units, along with their non-age eligible 
spouses. However, the HRS is not a probability sample of persons born outside its specified birth 
year cohorts. The methodology of the HRS study also includes the use of “proxy” respondents 
when the original respondent could not or would not complete the interview often due to illness, 
cognitive impairment, or other reasons. More information on the HRS survey design, 
questionnaires, and relevant data are on its website (http://hrsonline.isr.umich.edu). 
The HRS replenishes its sample from time to time to fulfill the objective of providing 
nationally representative information about the U.S. population over age 50. As of 2014, it 
consists of six cohorts: 1) the initial HRS cohort, born 1931-1941; 2) the AHEAD cohort, born 
before 1924; 3) the Children of Depression (CODA) cohort, born 1924-1930; 4) the War Baby 
(WB) cohort, born 1942-1947; 5) the Early Baby Boomer (EBB) cohort, born 1948-1953; and 6) 
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the Mid Baby Boomer (MBB) cohort, born 1954-1959.  
This study used HRS longitudinal dataset constructed by the RAND Corporation (RAND 
HRS Version M) (Chien et al., 2013). Data from Wave 3 through Wave 10 (up to 8 waves) for 
four cohorts (HRS, AHEAD, CODA, and WB) were included in the present study. The first two 
waves were not used because the key variables of depression and physical activity were either 
not measured in these waves or not measured consistently. The EBB and MBB cohorts were 
excluded from the analyses because the physical activity measurement was different from other 
cohorts. Table 2 summarizes the cohort and waves of the HRS used in this study. The original 
HRS waves were centered at the time each cohort was selected into the present study. Unless 
otherwise specified, baseline hereafter refers to the time when each cohort was first selected into 
the present study. 
There were 22,840 participants interviewed at baseline. Following respondents were 
excluded from the analyses: younger than 50 years of age at baseline (n=905); older than 80 
years of age at baseline (n=2,317); proxy respondents at baseline (n=1,401); missing data on 
chronic disease diagnosis at baseline (n=17), and reported a diagnosis of diabetes, heart disease, 
stroke, cancer, or chronic lung disease at baseline (n=6,761). The remaining 11,439 participants 
free of the five chronic diseases at baseline were included in the study and followed for an 
average of 12.4 years (6.2 waves).  
Participants younger than 50 years of age were excluded because they were not part of 
the probability sample of the HRS. Including these persons would undermine the generalizability 
of findings to the study population. Participants older than 80 years of age at baseline were 
excluded to reduce the potential influence of attrition and survival bias. Participants with proxy 
respondents were also excluded because depression was not assessed for these individuals. 
Excluding proxy interviews was also necessary to reduce potential reporting and recall error. 
Furthermore, participants with a chronic disease diagnosis at baseline were excluded to reduce 





Table 2. Cohorts and waves of the HRS used in the present study 
Survey year Sample cohorts 
























2000 X X X X 
2002 X X X X 
2004 X X X X 
2006 X X X X 
2008 X X X X 
2010 X X X X 
Total number of persons interviewed at baseline 10964 7027 2320 2529 
Number of persons included in the study sample 6554 2156 1159 1570 
Total sample size of the present study 11439 
Note. “X” denotes the waves to be used in the proposed study.  
a. 1994 for the initial HRS cohort, 1993 for the AHEAD cohort.  
b. 1996 for the initial HRS cohort, 1995 for the AHEAD cohort. 
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3.2 Measures  
3.2.1 Diagnosis of chronic disease 
During each interview, the respondents were asked, “Has a doctor ever told you that you 
had…” for the following list of conditions: 1) “diabetes or high blood sugar?”; 2) “a heart attack, 
coronary heart disease, angina, congestive heart failure, or other heart problems?”; 3)“ stroke?”; 
4) “cancer or a malignant tumor, excluding minor skin cancer”, and 5) “chronic lung disease, 
such as chronic bronchitis or emphysema?”. A diagnosis was ascertained from answers of “yes” 
to these questions, respectively. The time of diagnosis was determined by the study wave when 
the condition was first reported. 
 
3.2.2 Depression 
Two standard measures of depression were available in the HRS, including the Center for 
Epidemiologic Studies Depression Scale (CES-D) and the short form of the World Health 
Organization’s Composite International Diagnostic Interview (CIDI-SF).  
An eight-item CES-D was consistently and repeatedly administered to respondents during 
the study period. The eight-item CES-D is a shortened version of the 20-item CES-D (Kohout, 
Berkman, Evans, & Cornoni-Huntley, 1993). Participants were asked to indicate if the following 
feelings were true much of the time during the past week, including felt depressed, everything 
was an effort, sleep was restless, could not getting going, felt lonely, felt sad, enjoyed life, and 
were happy. A dichotomous response “yes” (coded as 1) or “no” (coded as 0) was available for 
each item. The CES-D score, ranging from 0 to 8, is the sum of six “negative” feelings and 
absence of two “positive” feelings. The eight-item CES-D had excellent internal consistency at 
the baseline in the HRS cohort (α=0.803). Melchior et al. (1993) found that the correlation 
coefficient of the eight-item CES-D and 20-item scale to be 0.93, and that the eight-item scale 
had comparable discriminant validity as the original scale. Turvey et al. (1999) evaluated the 
psychometric property of the eight-item CES-D using data from wave 2 of the AHEAD cohort. 
They found that the eight-item CES-D score significantly predicted self-reported physical 
diagnosis, treatment of unspecified psychiatric disorders, and antidepressant use. A cut-off score 
of ≥3 has been suggested by previous validation studies to indicate elevated depressive 
symptoms. This cut-off score has a sensitivity of 0.71 and a specificity of 0.79 to predict a major 
depressive episode as assessed by the CIDI-SF (Turvey et al., 1999). 
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The CIDI-SF was administered only once at baseline for each cohort. CIDI-SF is a short 
form of the CIDI, a widely accepted method for estimating the prevalence of psychiatric 
disorders in large surveys with lay interviewers (Kessler, Andrews, Mroczek, Ustun, & Wittchen, 
1998). CIDI-SF identifies a probable diagnosis of a major depressive episode as defined by the 
DSM-III-R (American Psychiatric Association, 1994). The short form consists of 33 questions, 
but respondents do not answer all of the questions. Respondents were first asked if they had 
experiences of dysphonia (depressed mood) and/or anhedonia (the inability to experience 
pleasure activities usually found enjoyable) for more than two weeks in a row in the past 12 
months. Symptoms were then probed for those who answered yes to either of the screening 
questions. The summary CIDI-SF score ranges from zero to seven. A cut-off score of ≥3 has 
been suggested to indicate a diagnosis of a major depressive episode (Wallace et al., 2000). More 
detailed description and scoring of the CIDI-SF can be found in Wallace et al. (2000). 
In the present study, participants were classified as having major or persistent depression 
if they had a score of ≥3 on the CIDI-SF at baseline or they had persistent depressive symptoms 
defined as having a score of ≥3 on the eight-item CES-D at baseline and the immediate follow-
up. Participants were classified as without major or persistent depression at baseline if they had a 
score of <3 on the CIDI-SF and a score of <3 on the eight-item CES-D at both baseline and the 
immediate follow-up. Participants who did not fall into either classification were excluded from 
relevant analyses whenever depression was included in the modeling. Both CIDI-SF and CES-D 
were used to ensure adequate sample size. In the study sample, baseline CES-D cut-off score had 
a sensitivity of 56.4% and a specificity of 84.3% at predicting depression as assessed by the 
CIDI-SF, suggesting that these two scales were relatively compatible and it was appropriate to 
combine them. 
 
3.2.3 Health behaviors 
Current smoking status was consistently and repeatedly assessed during the study period. 
Current smoker was ascertained from answers of “yes” to the question, “do you smoke cigarettes 
now?” Past smokers and never smokers were combined into the same category as non-smokers. 
Dichotomize smoking status makes it easier to classify changes in smoking status. 
Alcohol consumption was consistently and repeatedly assessed during the study period. 
Participants were asked, “Do you ever drink any alcoholic beverages such as beer, wine, or 
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liquor?” Follow-up questions were then asked to probe the quantity of alcohol consumption. 
Drinking level was grouped into two categories based on the 2010 Dietary Guidelines for 
Americans (U.S. Department of Agriculture & U.S. Department of Health and Human Services, 
2010): moderate drinking (for women: up to one drink per day and <4 drinks on any occasion 
within the past three months; for men: up to two drinks per day and <4 drinks on any occasion 
within the past three months) and excessive drinking (for women: ≤1 drink per day on average 
but ≥4 drinks on any occasion within the past three months, or >1 drink per day on average; for 
men: ≤2 drinks per day on average but ≥4 drinks on any occasion within the past three months, 
or >2 drinks per day on average). Dichotomize drinking status makes it easier to classify changes 
in drinking status. Besides, moderate use of alcohol not only may cause no harm, it may have 
health benefits (Corder et al., 2006). Furthermore, depression appears to have a stronger 
association with heavy drinking only whereas moderate, light, and no drinking do not appear to 
be associated with depression (Graham et al., 2007).  
Physical activity was consistently and repeatedly assessed from Wave 3 through Wave 6 
of the HRS. Physically active was ascertained from answers of “yes” to the question, “on 
average over the last 12 months have you participated in vigorous physical activity or exercise 
three times a week or more? By vigorous physical activity, we mean things like sports, heavy 
housework, or a job that involves physical labor.” Since Wave 7 of the HRS, the wording of the 
questions and the response scales have been changed and vigorous physical activity due to work 
has been excluded. Inclusion of inconsistent physical activity measures introduces systematic 
differences due to measurement error and may mask the true changes in physical activity across 
waves. Therefore, data from Wave 3 thru Wave 6 were used when modeling vigorous physical 
activity. 
Preventive behaviors were assessed consistently but not repeatedly at every interview. At 
baseline, participants were asked if they had the following medical tests or procedures in the last 
two year including 1) a influenza vaccination, 2) a blood test for cholesterol, 3) an examination 
of prostate to screen for cancer (for male only), and 4) a mammogram or x-ray of the breast to 
screen for cancer (for female only). The same questions were asked again in the odd waves only 
(Wave 5, 7, & 9). To facilitate analysis, prior wave values were carried forward when 




3.2.4 Other individual characteristics 
A number of individual characteristics are adjusted in multivariate analyses, including 
age, sex, race/ethnicity (Non-Hispanic white, African American, other race/multi-race, and 
Hispanic), education (less than high school, high school graduate, some college, and college 
graduate or higher), marital status (married or partnered, separated or divorced or widowed, and 
never married), employment status (working full time or part-time, and unemployed/not in labor 
force/retired/other), household net wealth (coded into quartiles), any difficulty in performing 
activities of daily living (ADLs) (tasks including bathing, eating, dressing, walking across a 
room, and getting in or out of bed), and self-reported diagnosis of hypertension. 
 
3.3 Analysis  
 Descriptive analyses and multivariate analyses adjusting for covariates were conducted to 
test the study hypotheses. Each health behavior was modeled separately. HRS sample weights 
were adjusted in descriptive analyses to produce nationally representative estimates. Analyses 
were conducted using Stata 11.2 SE version (StataCorp, College Station, TX). Detailed 
analytical procedures were outlined by research questions in the following sections. 
The amount of missing data in the study sample was inconsequential with the exception 
of household net wealth. To facilitate research using HRS data, the RAND Center for the Study 
of Aging has produced wealth and income imputations for all waves of the HRS with support 
from the NIA and SSA. Detailed imputation methods can be found elsewhere (Moldoff et al., 
2013). The imputed household net wealth variables were used in the present study to maximize 
effective sample size. Pairwise deletion was used for other missing data. 
 
3.3.1 Research question 1: Do middle-aged and older adults change their health behaviors after 
a chronic disease diagnosis?  
The effects of chronic disease diagnoses on health behavior changes were estimated 
separately by diagnoses and health behaviors. Pre-diagnosis and post-diagnosis periods were 
defined individually for each case, and the number of data points for individuals vary according 
to the timing of diagnosis and available data. Effective sample sizes for each condition were also 
different, depending on the number of persons who reported a new diagnosis of the 
corresponding disease. The pre-diagnosis periods referred to interviews prior to a diagnosis. The 
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post-diagnosis periods included the initial diagnosis time point – the first wave at which 
respondents reported a new diagnosis and all the subsequent waves after the report of a new 
diagnosis. 
 Descriptive analyses were conducted on the average prevalence of each health behavior 
during pre-diagnosis periods and post-diagnosis periods. Difference-in-differences (DD) 
estimators were then used to assess the impact of a new chronic disease diagnosis on health 
behaviors. The DD estimator is a common econometric method to evaluate treatment effects. 
The DD estimator assumes that in the absence of the treatment, the dependent variable is 
determined by the sum of a time-invariant group effect and a year effect that is common across 
groups. In other words, the validity of the DD estimator lies on the assumption that the 
underlying trends in the outcome to be the same for the treatment and comparison group. 
Provided that the assumption is true, the unbiased treatment effect can be obtained by netting out 
the difference before and after the treatment in the comparison group from the difference in the 
treatment group. Technical details about the DD estimator are available elsewhere (Angrist & 
Pischke, 2009). 
Here, the DD method estimates the secular trends in health behaviors using individuals 
free of five chronic diseases (i.e., diabetes, heart disease, stroke, cancer, and chronic lung disease) 
throughout the study. The key assumption is that if people with a chronic disease had not have 
that disease, they would have followed the same trend of behavior changes as those free of the 
condition. Therefore, the independent effect of a chronic disease diagnosis can be obtained by 
netting out the secular trends (i.e., behavior changes observed among individuals free of the 
chronic disease) from behavior changes observed among those with the chronic disease. 
 The models tested in the present study can be expressed in a generic form shown in 
equation 1. Yjgt denotes the behavior outcome for individual j in group g at time t. A log link was 
used because all the outcome variables were dichotomous. Diagnosjt is a dummy variable for 
diagnosis status for j at time t. Timet is a time-dummy that switches on for post-diagnosis 
observations (i.e., “1” for post-diagnosis and “0” for pre-diagnosis observations). Zj is a vector of 
time-invariant covariates measured at baseline, including age, gender, race/ethnicity, education, 
marital status, employment status, household net wealth, ADLs difficulty, and hypertension 
diagnosis. Time-varying covariates were not included in the DD model to avoid over-adjustment 
bias – controlling for an intermediate variable (i.e., a mediator) on a causal path from exposure to 
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outcome could bias estimates for the total exposure effect (Schisterman, Cole, & Platt, 2009). 
The DD estimator equals to β, the coefficient of the interaction term between the dummy for 
diagnosis status and time. 
 
log(Yjgt) = ρDiagnosjt + λTimet + β(Diagnosjt * Timet) + δZj + εjgt (1) 
 
Individuals with the focal chronic disease diagnosis (the “treatment group”) were 
matched to those free of all five chronic diseases throughout the study (the “comparison group”) 
using nearest-neighbor matching with Mahalanobis distance (using Stata command psmatch2), a 
nonparametric estimator to match individuals in one group with their nearest “neighbor(s)” 
(smallest distance) in the comparison group (Abadie, Drukker, Herr, & Imbens, 2004; Stuart, 
2010). The primary purpose of the matching was to define “pre- and post-diagnosis periods” for 
individuals free of chronic diseases to facilitate comparisons. A one-to-one matching without 
replacement was adopted to ensure that each person with a chronic disease has one matched 
counterpart without a chronic disease diagnosis and that the sample was balanced. Variables 
included in the matching were study cohorts and total waves of follow-up. After matching, 
individuals free of chronic disease diagnoses were assigned with the same pre- and post-
diagnosis periods of their matches with the chronic disease. Nearest-neighbor matching with 
Mahalanobis distance was chosen because it works well when there are relatively few covariates 
(i.e., only three covariates here and all categorical) and it does not require a specific functional 
form due to its non-parametric nature (Stuart, 2010). Following matching, the models as shown 
in equation 1 were estimated in Stata using logit command with clustered robust standard errors 
to account for correlation within subjects. Relevant post-estimation procedures in Stata were 
used to facilitate the interpretation of the interaction effect in models with a log link. 
 
3.3.2 Research question 2: Are middle-aged and older adults with major or persistent depression 
less likely to engage in healthy behaviors in the long-term? 
 Mixed-effect logistic regressions were performed to estimate the longitudinal association 
between depression and each health behavior. A standard logistic model is problematic as the 
repeated observations are clustered within each subject. Compared to standard logistic model, a 
mixed-effect logistic model contains both fixed effects (depression and covariates) and 
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individual random effects, allowing for individual heterogeneity and correlation in unobserved 
individual characteristics over time (Train, 2002).  
 The mixed-effect logistic regression models tested in the present study have the following 
set up (see equation 2). β00 is the overall mean intercept and µ0j is an individual-specific random 
intercept. Depressionj denotes individuals’ baseline depression status, Zj is a vector of time-
invariant covariates (including sex, race/ethnicity, highest education, and HRS cohorts) whereas 
Xij is a vector of time-varying covariates (including survey waves, age, marital status, 
employment status, household wealth, any ADLs limitations) and AnyDiagnosij is a time-varying 
indictor of any chronic disease diagnosis. 
 
                             log(Yij) = γ0j  + β1Xij + β2AnyDiagnosij + εij                                 (2) 
γ0j = β00 + β01Depressionj + β02Zj + µ0j 
 
Following model estimation, relevant post-estimation procedures in Stata were used to 
facilitate the interpretation of the interaction effect in models with a log link. 
 
3.3.3 Research question 3: Does major or persistent depression moderate the impact of chronic 
disease diagnosis on health behaviors? 
 Hypotheses testing associated with research question 3 was built on the models used for 
research question 2. An interaction term between depression status and chronic disease diagnosis 
was added to the model as shown in equation 2 to test whether depression and a new chronic 
disease diagnosis influence behavior changes interactively (see equation 3 for the new model). 
For the sake of parsimony, disease diagnoses were combined to form a single dichotomous 
variable indicating whether the participant had any chronic disease diagnosis at each interview 
because results from previous analyses did not reveal substantial differences in health behavior 
changes by diseases. This essentially equals to testing the impact of the first reported chronic 
disease diagnosis on health behaviors. 
 
       log(Yij) = γ0j  + β1Xij + β2AnyDiagnosij + β3AnyDiagnosij*Depressionj + εij           (3) 




 Following model estimation, relevant post-estimation procedures in Stata were used to 
facilitate the interpretation of the interaction effect in models with a log link. 
 
3.3.4 Research question 4: Do chronic disease diagnosis and major or persistent depression 
affect long-term maintenance of health behaviors? 
 Maintenance of behavior changes was examined with three health behaviors including 
smoking, drinking, and vigorous physical activity. These changes could have occurred before or 
after a chronic disease diagnosis. Analyses were not restricted to behavior changes initiated after 
a chronic disease diagnosis to ensure adequate sample size and facilitate generalizations. 
Preventive health services were not examined because they were not repeatedly measured at each 
interview. Carrying forward prior responses for these measures is likely to substantially 
overestimate the rate of behavior maintenance. Testing the hypotheses associated with research 
question 4 was further restricted to participants in the study sample who had reported changes in 
a particular health behavior examined. That is, adherence to smoking cessation was examined 
among respondents whose smoking status had changed at least once during the study period. The 
same rules apply to analyses on drinking and vigorous physical activity. The primary rationale 
for this restriction is to reduce sample selection bias. Individuals who were later diagnosed with a 
chronic disease and those with major or persistent depression at baseline were more likely to 
engage in unhealthy lifestyles throughout the study. Inclusion of individuals who did not 
experience any behavior change, therefore, introduces systematic differences in health behaviors 
by disease diagnosis and depression status. Besides, the primary purpose of this investigation is 
to explore predictors of behavior maintenance after a healthy change has been initiated.  
 Kaplan-Meier estimator (Kaplan & Meier, 1984) was used to estimate the unadjusted 
survival function across survey waves for participants after they had initiated a health behavior 
change. Marginal risk set model (L. J. Wei, Lin, & Weissfeld, 1989) was used to estimate the 
impact of chronic disease diagnosis, depression, and their interaction on the likelihood of relapse 
after the respondents had initiated a health behavior change. Study waves were centered at the 
time of interview when the respondent reported the desirable behavior outcome (i.e., non-
smoking, engaged in moderate drinking and vigorous physical activity) for the first time. Data 
before the initial change were not used. Marginal risk set model is a type of survival analysis 
commonly used for analyzing multiple failure-time data (also known as multivariate survival 
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data). In survival analysis, survival is defined as absence of an unhealthy behavior (i.e., smoking, 
excessive drinking, and physical inactivity) and a failure event refers to the presence of an 
unhealthy behavior. Multiple failure-time data arise when two or more events (failures) occur for 
the same subject. Recurrent failures in behavior maintenance are common. For example, a person 
may relapse multiple times before finally becoming tobacco free (Ockene et al., 2000). In this 
case, failure times are correlated within the subject when two or more events occur, which 
violates the assumption of independence of failure times in traditional survival analysis. Ignoring 
correlated failure times would produce biased variance estimates. Discarding data after the first 
failure, on the other hand, deletes valuable information and provides an incomplete picture of 
behavior maintenance. 
 Data setup and procedures for estimating marginal risk set models in Stata are described 
in Cleves (2009). A dichotomous indicator of chronic disease diagnosis status and an indicator of 
baseline depression were entered into the model to test the independent impact of these factors 
on the likelihood of relapse after initiation of healthy behavior change. The joint impact of 
having both conditions was tested by estimating the interaction term of chronic disease diagnosis 
and baseline depression indicators. Relevant post-estimation procedures in Stata were used to 








4.1 Characteristics of the study sample  
 Table 3 shows the characteristics of the sample, consisting of 11,439 middle-aged and 
older-adults free of chronic diseases (diabetes, heart disease, stroke, cancer, and chronic lung 
disease) at baseline. Participants were 61.4 years old on average at baseline. Slightly over half of 
the participants were female (55.49%) and not employed (50.33%). The majority of the 
participants were non-Hispanic white (82.24%), followed by African American (9.11%), 
Hispanic (6.88%), and other race (1.76%). Most participants were married or cohabiting with a 
partner (68.8%), whereas less than one-third (27.01%) were divorced, separated, or widowed. 
Over one-third (38.84%) of participants had high school diploma, and the rest were divided 
rather evenly among “lower than high school education” (19.21%), “some college” (21.17%), 
and “college degree or higher” (22.78%). The average amount of household wealth was 
$311,698 in 1996 dollars. A few of participants (7.72%) reported at least one limitation in ADLs. 
Nearly one-third (31.40%) of the participants reported a diagnosis of hypertension at baseline. 
The prevalence of major or persistent depression was 11.99% in the study sample, whereas two-
thirds (64.23%) of the participants did not have major or persistent depression. 
 During the 14 years of follow-up, a number of participants reported the onset of chronic 
diseases. Over one-fifth (20.71%) of participants reported a heart disease diagnosis, followed by 
diabetes (15.37%), cancer (13.54%), chronic lung disease (8.97%), and stroke (7.84%). 
 
4.2 Research question 1 
 Table 4 presents the average prevalence of health behaviors before and after a new 
chronic disease diagnosis among participants who experienced the onset of the chronic disease. 
Consistent patterns were revealed across disease diagnoses. Overall, the rates of smoking and 
excessive drinking decreased after a chronic disease diagnosis and the rates of preventive health 
behaviors increased for all diagnoses. Contrary to expectations, the prevalence of participants 
classified as physically active decreased following a new chronic disease diagnosis. 
Significant decrease in smoking rate was reported for all five diseases, with the largest 
change observed among those with a new diagnosis of chronic lung disease (13.41% decrease). 
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Participants with a new diagnosis of cancer reported considerable decrease in smoking as well 
(9.76% decrease), followed by heart disease (7.09% decrease), and diabetes (6.60% decrease). 
Participants with a new stroke diagnosis reported the smallest amount of decrease of 4.54 
percentage points in smoking. 
Significant reduction in alcohol consumption was observed for all five diagnoses, 
although the magnitude of changes were relatively small. The prevalence of excessive drinking 
decreased by 5.49 to 2.15 percentage points across different conditions, with the smallest 
decrease reported by those with a new diagnosis of diabetes. 
 Participants reported substantial decrease in vigorous physical activity following a new 
chronic disease diagnosis. Prior to a new diagnosis, slightly less than half of participants reported 
engagement in vigorous physical activity. Following a stroke diagnosis, the prevalence of 
participants engaging in vigorous physical activity decreased by half from 47.08% to 21.23% 
(25.85% decrease). Those with a new diagnosis of chronic lung disease, cancer, and heart disease 
reported a decrease of 13.58, 11.99, and 8.80 percentage points, respectively. No significant 
change in vigorous physical activity level was reported for those with a new diagnosis of 
diabetes. 
 Prior to a chronic disease diagnosis, slightly over half of participants reported receiving 
influenza vaccination in the past two years. There were substantial increases in the percentages 
of participants receiving influenza vaccination following chronic disease diagnoses, with the 
largest increase reported among cancer patients (19.66% increase), followed by participants with 
chronic lung disease (17.82% increase), diabetes (17.12% increase), heart disease (16.16% 
increase), and stroke (10.99% increase). The majority of participants reported receiving blood 
cholesterol test prior to a new chronic disease diagnosis. After a new diagnosis, the percentages 
of participants receiving cholesterol blood test went up by 11.12 to 14.96 percentage points. 
 Male respondents reported considerable increase in receiving prostate exam after a new 
diagnosis of cancer (10.93% increase), diabetes (8.13% increase), and chronic lung disease (7.62% 
increase). Respondents with a new diagnosis of heart disease (3.16% increase) and stroke (5.0% 
increase) reported smaller amount of increase. There was a small but significant increase (5.98%) 
in the rate of mammograms among females after a cancer diagnosis. In contrast, the rate of 
mammograms decreased by 7.18% after a stroke diagnosis. Rates of mammograms did not 
change significantly after a diagnosis of diabetes, heart disease, or lung disease. 
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 Table 3. Characteristics of the study sample 
 
Baseline characteristics Unweighted number (N=11439) Weighted % 
HRS cohorts (%)   
  AHEAD 2156 15.59 (14.59, 16.66) 
  CODA 1159 11.26 (10.13, 12.51) 
  HRS 6554 42.27 (40.99, 43.55) 
  WB 1570 30.87 (29.25, 32.55) 
Age in years -- 61.39 (61.09, 61.69) 
Sex (%)   
  Female 6868 55.49 (54.38, 56.60) 
  Male  4571 44.51 (43.40, 45.62) 
Race/ethnicity (%)   
  White, non-Hispanic 8779 82.24 (79.73, 84.50) 
  African American, non-Hispanic 1538 9.11 (8.10, 10.24) 
  Other race/multi-race, non-Hispanic 952 1.76 (1.24, 2.49) 
  Hispanic 170 6.88 (5.03, 9.35) 
Education attainment (%)   
  Less than high school 2602 19.21 (17.70, 20.82) 
  High school 4275 36.84 (35.43, 38.27) 
  Some college 2312 21.17 (20.05, 22.32) 
  College graduate or higher 2249 22.78 (20.85, 24.84) 
Marital status (%)   
   Married/partnered 8371 68.80 (67.15, 70.41) 
   Divorced/separated/widowed 2678 27.01 (25.50, 28.58) 
   Never married 361 4.18 (3.68, 4.76) 
Employment status (%)   
  Work full-time or part-time 5037 49.67 (48.26, 51.08) 
  Unemployed/not in labor force/retired/other 6402 50.33 (48.92, 51.74) 
Household wealth ($) -- 311698 (286771, 336625) 
Had difficulty in activities of daily living (%) 917 7.72 (7.08, 8.42) 
Hypertension diagnosis (%) 3825 31.40 (30.26, 32.56) 
Depression status (%)   
  Major or persistent depression 1347 11.99 (11.27, 12.76) 
  Without major or persistent depression 7311 64.23 (62.71, 65.72) 
  Did not fall into either classification 2781 23.78 (22.62, 24.97) 
Chronic disease diagnosis during follow-up (%)   
  Diabetes 1831 15.37 (14.51, 16.26) 
  Heart disease 2454 20.71 (19.93, 21.52) 
  Stroke 988 7.84 (7.32, 8.40) 
  Cancer 1607 13.54 (12.80, 14.31) 
  Chronic lung disease 1026 8.97 (8.33, 9.66) 
Note. HRS sampling design was incorporated in estimating. 95% confidence intervals in parentheses. 
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 Table 4. Prevalence of health behaviors before and after a new chronic disease diagnosis among middle-aged and older persons 
 
Chronic disease diagnosis 
Health behaviors 







Prostate exam  
(for male only) 
Mammography  
(for female only) 
Diabetes        
  Pre diagnosis 16.97  (14.72, 19.49) 

























  Difference -6.60*** -2.15* -2.91 17.12*** 14.96*** 8.13*** 0.31 
Heart disease        


























  Difference -7.09*** -3.77*** -8.80*** 16.16*** 13.59*** 3.16* -1.99 
Stroke        


























  Difference -4.54* -4.50** -25.85*** 10.99*** 11.12*** 5.00 -7.18** 
Cancer        


























  Difference -9.76*** -4.59*** -11.99*** 19.66*** 12.14*** 10.93*** 5.98** 
Chronic lung disease        


























  Difference -13.41*** -5.49*** -13.58*** 17.82*** 12.37*** 7.62* -3.4 
Note. HRS sampling design was incorporated in estimating. 95% confidence intervals in parentheses. *p<.05, ***p<.001 
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Table 5 shows the main results from DD analyses. The DD estimators (presented in the 
rows corresponding to “Diagnosis*Time”) represented the independent effect of a new chronic 
disease diagnosis on the likelihood of behavior change after considering the secular trends in the 
particular health behavior and the influences of other covariates. Here, an odds ratio less than 1 
denotes reduced likelihood in the occurrence of the behavior outcome post diagnosis whereas an 
odds ratio greater than 1 denotes increased likelihood of the behavior outcome post diagnosis. 
Overall, results from the DD analyses reinforced the findings from unadjusted descriptive 
analyses that significant decreases in smoking, excessive drinking, and vigorous physical activity 
occurred post diagnosis whereas significant increases in preventive health behaviors were 
present post diagnosis. 
To facilitate the interpretation of interaction terms in logistic regression, relevant post-
estimation procedure in Stata (margins command with dydx option, with binary variables 
correctly specified as factor variables) was used to estimate the average difference in probability 
of a behavior outcome before and after diagnosis between the treatment group (i.e., those with 
onset of a chronic disease) and the comparison group (i.e., matched healthy controls) across 
different levels of the covariates. Simply put, the difference in probability denotes the treatment 
effect of a chronic disease diagnosis on health behaviors in probability terms. 
Table 6 shows the estimated difference in probability for each health behavior by chronic 
disease. A negative value indicates decrease in the probability of the behavior outcome whereas 
a positive value indicates increase in the probability of the behavior outcome after chronic 
disease diagnosis. The estimated difference in probability for smoking after a diagnosis of 
diabetes was -.047, which indicates that a diabetes diagnosis alone would help 47 per 1000 
persons quit smoking. Similarly, over 60 per 1000 persons would quit smoking after being told 
that they have cancer or chronic lung disease, and 31 to 38 per 1000 persons would quit smoking 
after a diagnosis of heart disease or stroke. The number of persons who would reduce drinking 
after a chronic disease diagnosis ranged from 25 to 36 per 1000 persons, with the largest effect 
reported for stroke, followed by chronic lung disease, cancer, diabetes, and heart disease. 
However, 163 per 1000 persons with stroke, 97 per 1000 persons with cancer, and 79 per 1000 
persons with chronic lung disease would decrease vigorous physical activity after diagnosis.
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vaccination Cholesterol test 
Prostate exam  
(for male only) 
Mammography  
(for female only) 
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Heart disease        










 (1.22, 1.73)*** 
1.08  
(0.93, 1.25) 
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Cancer        













  Time 1.11 (0.92, 1.35) 1.22 (1.02, 1.45)* 1.08 (0.93, 1.27) 1.12 (0.99, 1.26) 1.17 (1.03, 1.34)* 0.98 (0.80, 1.20) 1.07 (0.91, 1.26) 













Chronic lung disease        













  Time 1.28 (1.02, 1.60)* 1.13 (0.91, 1.42) 0.87 (0.71, 1.07) 1.02 (0.87, 1.18) 1.14 (0.97, 1.35) 1.09 (0.83, 1.43) 0.90 (0.75, 1.09) 













Note. Odds ratio and 95% confidence intervals presented in parentheses. Persons with a chronic disease were matched to those free of all 5 chronic diseases in the study period. 









Difference in probability (95% confidence interval) 
Smoking Excessive drinking Vigorous  physical activity 
Influenza 
vaccination Cholesterol test 
Prostate exam  
(for male only) 
Mammography  
(for female only) 













Heart disease -.031  (-.047, -.014)** 
-.025 



















 (.019, .088)** 
.043 
 (-.024, .110) 
-.042 
(-.094, .010) 


























Note. Average difference in probability obtained using margins command with dydx function in Stata. Binary predictors were defined as discrete variables using the “i” prefix in 
the logit model. *p<.05, **p<.01, ***p<.001. 
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After a diagnosis of chronic lung disease, cancer, diabetes, or heart disease, 53 to 108 per 
1000 persons would receive influenza vaccination, whereas 53 to 94 per 1000 persons would get 
a blood test for cholesterol. Changes in probability of prostate exam were reported only for those 
with a new diagnosis of diabetes or cancer. Cancer diagnosis was responsible for 100 per 1000 
men to receive a prostate exam while 47 per 1000 men would receive the exam following a 
diabetes diagnosis. After a diagnosis of cancer, 85 per 1000 women would receive mammograms. 
The utilization of mammograms among women did not change significantly after other chronic 
disease diagnoses. 
 
4.3 Research question 2 
 Table 7 shows the results from mixed-effect logistic regression on the longitudinal 
association of major or persistent depression and health behaviors. The likelihood-ratio tests of 
all the models estimated were statistically significant at p<.001, suggesting that mixed-effect 
regressions were more appropriate than single-level regression models. Major or persistent 
depression at baseline was associated with more than 4-fold increase (OR=5.4, 95% confidence 
interval [CI] = 3.13-9.32, p<.001) in the odds of smoking during the 14 years of follow-up. 
Compared with their non-depressed counterparts, middle-aged and older adults with major or 
persistent depression at baseline were half as likely (OR=0.48, 95% CI=0.42-0.56, p<.001) to 
continue engaging in vigorous physical activity during follow-up. Adults with major or persistent 
depression at baseline tended to have higher level of alcohol consumption (OR=1.25, 95% 
CI=0.94-1.66). However, this relationship was not statistically significant at p<.05. Participants 
with major or persistent depression were 23% less likely to receive mammograms (OR=0.77, 95% 
CI=0.59-1.00). Contrary to expectations, participants with major or persistent depression at 
baseline were more likely (OR=1.5, 95% CI=1.12-2.00, p<.05) to report receipt of influenza 
vaccination during follow-up. There were no significant association between major or persistent 
depression and usage of other preventive services. 
There were significant socio-demographic differences in patterns of engagement in health 
behaviors. Overall, male sex was associated with unhealthy behaviors with the exception of 
vigorous physical activity. Males were more likely to engage in smoking and excessive drinking 
and less likely to receive influenza vaccination and cholesterol test. However, males were more 
likely to engage in vigorous physical activity. African Americans and Hispanics were much less 
40 
 
likely to receive influenza vaccination compared with non-Hispanic whites. Education level and 
household wealth were positively associated with healthy behaviors with the exception of 
alcohol consumption. Those with higher level of education and household wealth were less likely 
to smoke, and were more likely to report vigorous physical activity and receipt of preventive 
medical procedures. However, individuals with higher levels of education and wealth were more 
likely to report excessive drinking than their counterparts with lower level of education and 
household wealth. Family structure was also associated with health behaviors. Participants who 
were divorced, separated, or widowed were more likely to smoke and drink excessively, and 
were less likely to receive preventive services compared with their married counterparts. 
Participants with ADLs limitations were less likely to smoke and drink excessively, but were 
also less likely to engage in vigorous physical activity and utilize preventive health services. 
 
4.4 Research question 3 
Table 8 shows the average prevalence of health behaviors after the first reported 
diagnosis of chronic disease by baseline depression status. Similar patterns of changes in health 
behaviors were found for both groups. Participants reduced smoking, excessive drinking, and 
vigorous physical activity, and increased receipt of preventive medical procedures (with the 
exception of mammograms for women) following the first chronic disease diagnosis regardless 
of their depression status. 
Table 9 shows the estimates of the joint impact of depression and chronic disease 
diagnosis on health behaviors. The interaction term between depression and chronic disease 
diagnosis was statistically significant for receipt of influenza vaccination. In other words, 
baseline depression significantly moderated the impact of a chronic disease diagnosis on 
utilization of influenza vaccination. Specifically, the impact of chronic disease diagnosis was 
smaller for those with major or persistent depression (OR=0.73, 95% CI=0.57-0.94, p<.05). 
Results from post-estimation procedures showed major or persistent depression was responsible 
for 311 fewer persons receiving influenza vaccination out of 1000 persons after a chronic disease 
diagnosis. The interaction terms for other behavior outcomes were not statistically significant, 





Table 7. Results from mixed-effect logistic regression on the longitudinal relationship between major or persistent depression and health behaviors 
 
Independent variables Smoking Excessive drinking Vigorous  physical activity Influenza vaccination Cholesterol test 
Prostate exam  
(for male only) 
Mammography  
(for female only) 


































(0.60, 0.81)*** -- -- 
Race/Ethnicity        
  White, non-Hispanic Reference Reference Reference Reference Reference Reference Reference 







































Education        
  Less than high school Reference Reference Reference Reference Reference Reference Reference 




 (1.03, 1.37)* 
1.66 




















  College graduate or 















Marital status        
  Married/partnered Reference Reference Reference Reference Reference Reference Reference 
  Divorced/separated/ 















  Never married 1.21  (0.52, 2.85) 
0.98 











Employed 0.80  (0.50, 1.30) 
0.94 
 (0.75, 1.18) 
1.05 









        
 






Table 7 (cont.) 
 
Independent variables Smoking Excessive drinking Vigorous physical activity Influenza vaccination Cholesterol test 
Prostate exam  
(for male only) 
Mammography  
(for female only) 
Household wealth        
  1st quartile Reference Reference Reference Reference Reference Reference Reference 
  2nd quartile 0.95  (0.75, 1.21) 
1.31 
 (1.10, 1.55)** 
1.19 









  3rd quartile 0.72  (0.53, 0.98)* 
1.62 








 (1.43, 2.11)*** 
1.95 
(1.65, 2.30)*** 
  4th quartile 0.52  (0.36, 0.76)** 
1.98 








 (1.56, 2.43)*** 
2.55 
(2.09, 3.11)*** 













Any chronic disease 0.27  (0.21, 0.35)*** 
0.52 











# of persons 8658 8658 8658 8658 8658 3454 
# of person-years 57674 57812 31063 57498 57130 22420 





















vaccination Cholesterol test 
Prostate exam  
(for male only) 
Mammography  
(for female only) 
Depressed        


























  Difference -8.81*** -3.76** -12.07** 15.50*** 14.69*** 10.36** -1.50 
Not depressed        


























  Difference -6.19*** -4.34*** -8.27*** 17.65*** 13.55*** 6.43*** -.02 
Note. HRS sampling design was incorporated in estimating. 95% confidence intervals in parentheses. *p<.05, ***p<.001 
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Odds ratio (95% confidence interval) 
Depressed Chronic disease diagnosis Depressed*Chronic disease diagnosis 
Smoking 5.33 (3.06, 9.29)*** 0.26 (0.19, 0.35)*** 1.17 (0.69, 1.99) 
Excessive drinking 1.22 (0.91, 1.62) 0.51 (0.44, 0.60)*** 1.15 (0.82, 1.61) 
Vigorous physical activity 0.50 (0.43, 0.58)*** 0.76 (0.66, 0.86)*** 0.74 (0.55, 1.00) 
Influenza vaccination 1.61 (1.20, 2.17)** 1.69 (1.50, 1.91)*** 0.73 (0.57, 0.94)* 
Cholesterol test 1.14 (0.93, 1.40) 2.34 (2.09, 2.62)*** 0.89 (0.71, 1.13) 
Prostate exam (for male only) 0.83 (0.58, 1.19) 1.20 (1.03, 1.39)* 1.41 (0.98, 2.02) 
Mammography (for female only) 0.80 (0.61, 1.05) 1.32 (1.14, 1.52)*** 0.86 (0.67, 1.11) 
Note. Adjusted for time-invariant covariates (including sex, race/ethnicity, highest education, and HRS cohorts) and time-varying covariates (including survey waves, age, marital 
status, employment status, household wealth, and any limitations in activities of daily living). *p<.05, **p<.01, ***p<.001. 
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4.5 Research question 4 
Table 10 shows the descriptive statistics of participants by behavior change patterns. For 
comparison purposes, participants were grouped into three categories based on their longitudinal 
patterns of smoking (including always smoker, never smoker, and smoking changed), drinking 
(including always excessive, never excessive, and drinking changed), and vigorous physical 
activity (including always active, never active, and activity level changed), respectively. This 
comparison is needed to facilitate generalization of the study findings. As mentioned in the 
method section, analyses of behavior maintenance were restricted to people who experienced 
changes in the particular behavior category. It is worth noting that the sample included people 
who changed from a healthy behavior (non-smoking, moderate drinking, and physically active) 
to an unhealthy behavior (smoking, excessive drinking, and physically inactive) and vice versa. 
There were significant differences in health behaviors by socio-demographic 
characteristics, functional limitations, health, and mental health status. Participants who 
maintained as non-smokers and physically active were more likely to be non-Hispanic white, 
better educated, married or living with a partner, working, wealthier, and without functional 
limitations or depression. While females were more likely to remain as non-smokers, they were 
less likely to be always active. Participants who maintained moderate drinking were more likely 
to be female, racial/ethnic minority, have less education, poorer, divorced or never married, 
unemployed, and have functional limitations.  
Only a few participants initiated health behaviors changes during the study period. 
Slightly over one-tenth (12.3%) of participants reported a change in smoking status and over 
one-fifth (22.3%) reported a change in drinking level. In comparison, half of participants 
reported a change in vigorous physical activity level. Nevertheless, once a healthy behavior 
change had been adopted, the majority of participants sustained the change. The unadjusted 
Kaplan-Meier survival curves suggested that over half of the participants remained non-smoking 
after initially quit smoking during 14 years of follow-up (see Figure 1). Approximately two-
thirds of the participants remained moderate drinking after initially reduced to moderate drinking 
during the follow-up (see Figure 2). Over half of the participants remained physically active 
during the 6 years of follow-up (see Figure 3). 
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Table 10. Sample characteristics by patterns of behavior change 
 
Baseline characteristics 



















Age in years 61.8 (.17) 58.6 (.22) 59.1 (.27) <.001 62.0 (.20) 58.4 (.42) 59.1 (.24) <.001 62.1 (.27) 59.7 (.23) 61.6 (.20) <.001 
Sex (%)    <.001    <.001    <.001 
  Female 57.1 (.01) 50.1 (.02) 50.6 (.02)  62.4 (.01) 30.9 (.04) 37.8 (.01)  65.6 (.01) 45.0 (.01) 56.5 (.01)  
  Male  43.0 (.01) 49.9 (.02) 49.4 (.02)  37.6 (.01) 69.1 (.04) 62.2 (.01)  34.4 (.01) 55.0 (.01) 43.5 (.01)  
Race/ethnicity (%)    .004    .002    <.001 
  White, non-Hispanic 85.6 (.01) 84.1 (.02) 79.0 (.02)  83.6 (.01) 92.4 (.02) 86.9 (.01)  82.7 (.01) 89.5 (.01) 83.1 (.01)  
  African American, non-Hispanic 7.2 (.00) 9.8 (1.4) 11.4 (.01)  8.8 (.01) 2.1 (.01) 6.0 (.01)  9.5 (.01) 5.2 (.01) 8.6 (.01)  
  Other race/multi-race 1.7 (.00) 1.3 (.01) 1.7 (.01)  1.8 (.00) 1.7 (.01) 1.0 (.00)  1.5 (.00) 1.0 (.00) 2.0 (.00)  
  Hispanic 5.6 (.01) 4.7 (.01) 7.9 (.01)  5.8 (.01) 3.9 (.02) 6.1 (.01)  6.3 (.01) 4.3 (.01) 6.3 (.01)  
Education attainment (%)    <.001    <.001    <.001 
  Less than high school 15.7 (.01) 25.7 (.02) 20.5 (.02)  19.0 (.01) 8.4 (.02) 12.4 (.01)  22.1 (.01) 10.7 (.01) 18.0 (.01)  
  High school 35.2 (.01) 38.6 (2.4) 40.7 (.02)  37.4 (.01) 30.2 (.04) 32.9 (.02)  35.1 (.01) 34.8 (.01) 37.3 (.01)  
  Some college 21.8 (.01) 20.9 (2.2) 23.9 (.02)  21.4 (.01) 23.6 (.03) 23.6 (.01)  20.0 (.01) 25.3 (.01) 21.2 (.01)  
  College graduate or higher 27.4 (.01) 14.8 (.02) 14.9 (.02)  22.3 (.01) 37.8 (.04) 31.1 (.02)  22.9 (.01) 29.2 (.02) 23.5 (.01)  
Marital status (%)    <.001    .001    <.001 
   Married/partnered 72.2 (.01) 55.1 (.03) 64.9 (.03)  68.2 (.01) 76.3 (.03) 74.5 (.02)  61.9 (.02) 74.9 (.01) 71.2 (.01)  
   Divorced/separated/widowed 23.8 (.01) 38.8 (.02) 31.3 (.02)  27.3 (.01) 20.4 (.03) 22.5 (.02)  32.9 (.01) 22.1 (.01) 24.6 (.01)  
   Never married 4.0 (.00) 6.1 (.01) 3.8 (.01)  4.6 (.00) 3.3 (.01) 3.0 (.01)  5.2 (.01) 3.1 (.00) 4.2 (.00)  
Employment status (%)    <.001    <.001    <.001 
  Work full-time or part-time 51.6 (.01) 42.7 (.03) 46.4 (.02)  45.6 (.01) 63.6 (.03) 61.0 (.01)  42.5 (.01) 57.1 (.01) 49.5 (.01)  
  Unemployed/not in labor 
force/retired/other 
48.4 (.01) 57.4 (.03) 53.6 (.02)  54.4 (.01) 36.4 (.03) 39.0 (.01)  57.5 (.01) 42.9 (.01) 50.5 (.01)  


















Had difficulty in ADLs (%) 6.7 (.00) 7.2 (.01) 10.1 (.01) .013 7.8 (.00) 5.9 (.02) 5.2 (.01) .010 14.9 (.01) 2.6 (.00) 5.7 (.00) <.001 
Hypertension diagnosis (%) 32.0 (.01) 21.4 (.02) 26.9 (.02) <.001 31.0 (.01) 33.6 (.03) 28.3 (.01) .158 36.2 (.01) 22.8 (.01) 31.7 (.01) <.001 
Major or persistent depression (%) 13.6 (.00) 25.6 (.02) 22.9 (.02) <.001 16.4 (.01) 16.0 (.03) 13.4 (.01) .084 25.3 (.01) 9.6 (.01) 14.3 (.01) <.001 
% in the population 79.5 (.01) 8.2 (.01) 12.3 (.00)  73.8 (.01) 4.0 (.00) 22.3 (.01)  24.1 (.01) 25.8 (.01) 50.1 (.01)  




Figure 1. Time to smoking relapse in subjects who initiated smoking cessation. This is the 
unadjusted Kaplan Meier survival curve of overall survival. Survival is defined as absence from 
smoking by the end of the study. Each data point represents the percentage of participants who 



































Figure 2. Time to drinking relapse in subjects who initiated changes in drinking level. This is the 
unadjusted Kaplan Meier survival curve of overall survival. Survival is defined as absence from 
excessive drinking by the end of the study. Each data point represents the percentage of 








































 Figure 3. Time to physical activity relapse in subjects who initiated changes in vigorous physical 
activity level. This is the unadjusted Kaplan Meier survival curve of overall survival. Survival is 
defined as absence from physical inactivity by the end of the study. Each data point represents 












































Table 11 shows the results from marginal risk set model on behavior maintenance among 
middle-aged and older adults who had initiated a healthy behavior change at some point during 
the study. After initially quitting smoking, participants with major or persistent depression were 
more likely to relapse (OR=1.38, 95% CI=1.05-1.81, p<.05) compared to their counterparts 
without depression. Similarly, participants with major or persistent depression were more likely 
to stop engaging in vigorous physical activity (OR=1.21, 95% CI=1.12-1.31, p<.001) after 
initially becoming physical active. Participants with a new chronic disease diagnosis were also 
more likely to stop engaging in vigorous physical activity (OR=1.31, 95% CI=1.22-1.40, p<.001). 
Neither depression status nor chronic disease diagnosis were associated with relapse on 
excessive drinking. 
Other significant predictors of relapse included age, sex, Hispanic ethnicity, and 
employment status. Older participants were more likely to relapse on all three health behaviors. 
One-year increase was associated with 8% increase (OR=1.08, 95% CI=1.05-1.11, p<.001) in the 
odds of relapse on smoking, 6% increase (OR=1.06, 95% CI=1.05-1.08, p<.001) in the odds of 
relapse on excessive drinking, and 2% increase (OR=1.02, 95% CI=1.01-1.03, p<.001) in the 
odds of relapse on vigorous physical activity. Male sex was associated with 22% increase 
(OR=1.22, 95% CI=1.08-1.37, p<.01) in the odds of relapse on excessive drinking. In contrast, 
males were 13% less likely (OR=0.87, 95% CI=0.82-0.92, p<.001) to report relapse on vigorous 
physical activity compared with their female counterparts. Hispanics were 17% more likely to 
report relapse in vigorous physical activity (OR=1.17, 95% CI=1.05-1.30, p<.01). Race/ethnicity 
was not a significant predictor for maintenance in other health behaviors. Participants who were 
working either full-time or part-time were 25% more likely (OR=1.25, 95% CI=1.08-1.44, p<.01) 
to report relapse on excessive drinking, and 9% more likely (OR=1.09, 95% CI=1.03-1.17, p<.01) 
to report relapse on vigorous physical activity. 
 A series of interaction terms of depression and chronic disease diagnosis were tested to 
assess the joint impact of the two conditions on maintenance of behavior change. None of the 
interaction terms was statistically significant at p<.05 (results not shown), indicating that the 





Table 11. Results from marginal risk set model regarding the impact of chronic disease diagnosis and 
depression on behavior maintenance 
 
Independent variables 
Hazard Ratio (95% confidence interval) 
Smoking relapse Drinking relapse Vigorous physical activity relapse 
Depressed 1.38 (1.05, 1.81)* 1.02 (0.86, 1.21) 1.21 (1.12, 1.31)*** 
Chronic disease diagnosis 0.98 (0.79, 1.23) 1.08 (0.95, 1.23) 1.31 (1.22, 1.40)*** 
Age in years 1.08 (1.05, 1.11)*** 1.06 (1.05, 1.08)*** 1.02 (1.01, 1.03)*** 
Male 0.89 (0.71, 1.10) 1.22 (1.08, 1.37)** 0.87 (0.82, 0.92)*** 
Race/Ethnicity    
  White, non-Hispanic Reference Reference Reference 
  African American 0.96 (0.69, 1.34) 0.86 (0.70, 1.06) 1.03 (0.94, 1.12) 
  Other race/multi-race 0.63 (0.30, 1.31) 0.77 (0.43, 1.38) 1.13 (0.93, 1.39) 
  Hispanic 0.82 (0.59, 1.14) 0.81 (0.65, 1.00) 1.17 (1.05, 1.30)** 
Education    
  Less than high school Reference Reference Reference 
  High school 0.91 (0.67, 1.24) 1.05 (0.87, 1.27) 1.00 (0.93, 1.08) 
  Some college 1.21 (0.87, 1.68) 1.17 (0.96, 1.44) 0.95 (0.87, 1.03) 
  College graduate or higher 0.99 (0.65, 1.50) 0.88 (0.72, 1.08) 0.99 (0.90, 1.08) 
Marital status    
  Married/partnered Reference Reference Reference 
  Divorced/separated/widowed 1.07 (0.82, 1.41) 0.99 (0.85, 1.16) 0.99 (0.92, 1.06) 
  Never married 0.79 (0.34, 1.85) 1.15 (0.78, 1.68) 1.02 (0.88, 1.19) 
Employed 1.04 (0.81, 1.32) 1.25 (1.08, 1.44)** 1.09 (1.03, 1.17)** 
Household wealth    
  1st quartile Reference Reference Reference 
  2nd quartile 0.70 (0.52, 0.95)* 0.92 (0.77, 1.10) 0.98 (0.91, 1.07) 
  3rd quartile 0.85 (0.61, 1.19) 0.96 (0.80, 1.16) 0.93 (0.85, 1.00) 
  4th quartile 0.70 (0.48, 1.02) 0.95 (0.79, 1.15) 0.88 (0.80, 0.96)** 
Difficulty in activities of daily living 0.97 (0.65, 1.43) 0.97 (0.75, 1.26) 1.06 (0.95, 1.20) 
# of persons 4494 10745 14194 
# of person-years 26280 75347 49358 






5.1 Summary of findings 
 This study examined changes in health behaviors in a nationally representative sample of 
middle-aged and older adults from the HRS. This investigation focused on the impact of a 
chronic disease diagnosis on the likelihood of a health behavior change and whether the 
magnitude of change was modified by major or persistent depression prior to the chronic disease 
diagnosis. Further analyses assessed whether depression and a new chronic disease diagnosis 
affected long-term maintenance of health behaviors changes, once made. Several important 
findings emerged. 
 Middle-aged and older adults tended to reduce health risk behaviors and engage in a 
variety of healthy behaviors after a chronic disease, with the exception of vigorous physical 
activity. Among middle-aged and older adults initially free of chronic diseases, a diagnosis of 
cancer, chronic lung disease, diabetes, stroke, and heart disease (in order from the largest 
decrease to the smallest) significantly reduced overall smoking rates after considering the secular 
decline in smoking related to age and other factors. Middle-aged and older adults also reduced 
alcohol consumption after a diagnosis of stroke, chronic lung disease, cancer, diabetes, and heart 
disease (in order from the largest reduction to the smallest). Utilization of preventive services, on 
the other hand, increased after a chronic disease diagnosis. The rates of influenza vaccination 
significantly increased after a diagnosis of chronic lung disease, cancer, diabetes and heart 
disease (in order from the largest increase to the smallest). Stroke diagnosis did not seem to 
affect influenza vaccination. The rates of cholesterol test increased for all diagnoses, including 
heart disease, diabetes, chronic lung disease, cancer, and stroke (in order from the largest 
increase to the smallest). Significant increase in rates of prostate exam was observed after a 
diagnosis of cancer and diabetes only. Significant increase in rates of mammograms was found 
after a diagnosis of cancer only. Contrary to expectations, the percentage of people engaging in 
vigorous physical activity declined significantly after a diagnosis of stroke, cancer, and chronic 
lung disease (in order from the largest decline to the smallest). Diabetes and heart disease 
diagnoses did not seem to affect physical activity. 
 Depression at baseline had long-term impact on health behaviors. Middle-aged and older 
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adults with depression were more likely to remain smoking and be physically inactive during the 
14 years of follow-up. Unexpectedly, depression was associated with higher rate of influenza 
vaccination. 
 Middle-aged and older adults with major or persistent depression at baseline were less 
likely to receive influenza vaccination after a new chronic disease diagnosis. Depression did not 
seem to modify the impact of a new chronic disease diagnosis on other health behaviors. 
 The majority of middle-aged and older adults who initiated a health behavior change 
adhered to the change in the long-term. Among persons who stopped smoking at one point 
during the study period, those with major or persistent depression were more likely to return to 
smoking compared with their non-depressed counterparts. Similarly, depression was associated 
with vigorous physical activity relapse among persons who started frequent vigorous physical 
activity. Depression did not appear to predict drinking relapse among persons who reported a 
change in level of alcohol consumption. 
 
5.2 Evaluation of findings 
5.2.1 Research question 1: Do middle-aged and older adults change their health behaviors after 
a chronic disease diagnosis? 
 Overall, study participants reduced smoking and drinking, and increased utilization of 
preventive health services after a chronic disease diagnosis. These findings are consistent with 
several previous studies using the HRS (Keenan, 2009; Margolis, 2013; Newsom et al., 2012) 
and other population-based data (Twardella et al., 2006; van Gool et al., 2007). The greatest 
reduction in smoking rate occurred for cancer and chronic lung disease. This is consistent with 
the conceptual framework of this study, which emphasizes the importance of the following 
cognitive processes in motivating behavior change including perceptions of risk and outcome 
expectancies, emotional responses, and redefinition of self-concept or social role. As mentioned 
previously, cancer may bring out stronger emotional responses than other diseases (Clarke & 
Everest, 2006), leading to greater change in smoking. Moreover, smoking in cancer and lung 
disease may be less socially acceptable due to the link between smoking and lung cancer and 
other chronic lung disease (Weinstein et al., 2004). Changes in alcohol consumption appeared to 
be similar across disease diagnoses. This is not surprising as alcohol consumption does not seem 
to have a stronger association with a particular disease that was examined. 
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Chronic lung disease induced the largest increase in receipt of influenza vaccination, 
followed by cancer diagnosis. It is possible that patients with chronic lung disease perceive 
themselves most vulnerable to influenza as these patients are at increased risk for respiratory 
illness-related hospitalization during influenza outbreaks (Poole, Chacko, Wood-Baker, & Cates, 
2006). Patients with cancer, on the other hand, may perceive themselves more susceptible to 
infections due to weakened immune system (Grivennikov, Greten, & Karin, 2010), motivating 
them to get vaccinated. Increase in the receipt of cholesterol test was greatest for diabetes and 
heart disease, which is expected given that dyslipidemia is closely associated with these 
conditions (Goldstein, Hazzard, Schrott, Bierman, & Motulsky, 1973; O'Brien, Nguyen, & 
Zimmerman, 1998) and that periodic screening for dyslipidemia is recommended in widely 
regarded guidelines for managing diabetes and heart disease (American Diabetes Association, 
2015). Men with a new cancer diagnosis reported the largest increase in the receipt of prostate 
exam. Although the type of cancers were not specified, prostate cancer is one of the most 
common cancers among men (Gronberg, 2003), which may explain why the number of men 
receiving prostate exams increased after a non-specified cancer diagnosis. Similarly, significant 
increase in utilization of mammograms was found for women with a new cancer diagnosis. 
Breast cancer is the most common cancer (expect for skin cancers) among American women 
(American Cancer Society, 2015), which may explain why women were more likely to get breast 
cancer screening after a cancer diagnosis. Other disease diagnoses did not have significant 
impact on breast cancer screening. It is noteworthy that the U.S. Preventive Services Task Force 
(2009) does not recommend routine mammography for women older than 74 years of age. It is 
possible that as the study sample aged after a chronic disease diagnosis, the rates of cancer 
screening declined.   
 The finding that chronic disease diagnosis was associated with greater decline in vigorous 
physical activity is in conflict with the study hypothesis, although it does not seem to contradict 
reports from previous studies (Hawkes et al., 2008; Margolis, 2013; Newsom et al., 2012; 
Nothwehr & Stump, 2000; van Gool et al., 2007). Several possible reasons may explain the 
decline in physical activity after a chronic disease diagnosis. The physical activity measure used 
focused on vigorous activities and did not assess light or moderate forms of activities. It is 
possible that some changes occurred for light and moderate physical activity. In addition, All of 
the chronic diseases examined in this study are leading causes of disability (Hootman, Brault, 
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Helmick, Theis, & Armour, 2009), which is a significant barrier for physical activity in older 
adults (Lim & Taylor, 2005; Rimmer, Riley, Wang, Rauworth, & Jurkowski, 2004). Chronic 
diseases also increase risk for psychological distress (Cole & Dendukuri, 2003), which is another 
barrier for participating in regular physical activity (Lim & Taylor, 2005; Rimmer et al., 2004). 
Additional barriers include fear of injury and misconceptions that exercise may harm health 
(Damush, Plue, Bakas, Schmid, & Williams, 2007; Rasinaho, Hirvensalo, Leinonen, Lintunen, & 
Rantanen, 2007). 
 
5.2.2 Research question 2: Are middle-aged and older adults with major or persistent depression 
less likely to engage in healthy behaviors in the long-term? 
Consistent from reports of previous studies (Murphy et al., 2003; Mykletun et al., 2008; 
Pratt & Brody, 2010; Rohde et al., 2003; Roshanaei-Moghaddam et al., 2009), persons with 
depression were more likely to continue smoking and being physically inactive in the 
longitudinal follow-up. A central hypothesis of smoking initiation and progression in persons 
with depression is the notion of “self-medication”, that is, depressed persons use nicotine to 
medicate their depressed mood and this behavior is reinforced by the nicotine’s mood-altering 
effects (N. Breslau, Peterson, Schultz, Chilcoat, & Andreski, 1998). Alternatively, some have 
suggested shared environmental and genetic factors that predispose people to both smoking and 
major depression (Kendler et al., 1993). The causal link between depression and physical 
inactivity, on the other hand, centers on the concept of “self-efficacy” (Bandura, 1997). 
Depression has been consistently associated with lower self-efficacy (Muris, 2002; Turner, Ersek, 
& Kemp, 2005; M. Wei, Russell, & Zakalik, 2005), which has been identified as a significant 
barrier to physical activity among older adults (Rasinaho et al., 2007).  
Middle-aged and older adults with depression tended to report greater alcohol 
consumption, but this relationship was not statistically significant. This finding is somewhat 
different from previous studies that consistently documented a significant association between 
depressive symptoms and excessive drinking (Bonin et al., 2000; Levola et al., 2011; Manninen 
et al., 2006; Schutte et al., 1995). One possible explanation is difference in study design and 
measures of depression. This study examined distant depression status (measured at baseline 
only) and future alcohol consumption, whereas previous studies were cross-sectional. It is 
possible that while current depressive symptoms are associated with alcohol consumption, the 
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relationship between past depression and current drinking is less strong. 
Women with depression were less likely to receive mammograms compared with their 
non-depressed counterparts. This finding is consistent with reports from previous studies (Egede 
et al., 2010; Pirraglia et al., 2004; Xiang, 2015). Unexpectedly, depression was not associated 
with receipt of cholesterol check or prostate exams, but was positively associated with influenza 
vaccination. Two population-based studies reported lower utilization of influenza vaccination 
among older persons with psychological distress (Mangtani et al., 2005; J. M. Thorpe et al., 
2006). Another population-based study of adults with diabetes, however, reported that adults 
with minor but not major depression were less likely to receive a flu shot in the past 12 months 
(Egede, Ellis, & Grubaugh, 2009). The impact of depression on utilization of preventive health 
services does not seem clear. On one hand, depression may decrease receipt of preventive 
services through poorer patient-provider trust and communication, as well as inconveniently 
organized services (J. M. Thorpe et al., 2012). On the other hand, depression may increase 
utilization through more frequent contact with the health care system (Dismuke & Egede, 2011) 
and greater needs for relevant services (Wu, 2003). The impact of depression on preventive 
services utilization may also differ by types of services. Based on data from two population-
based surveys, Wu (2003) found that poorer health was associated with higher utilization of flu 
shots and cholesterol checks, but lower utilization of cancer screenings including prostate exams 
and mammography. Druss et al. (2002) pointed out that in the fragmented health care system, the 
presence of depressive symptoms and other mental health problems adds obstacles to receive 
procedures that require multiple steps for participants to complete, such as mammography. This 
may explain why depression was negatively associated with mammography but not with other 
preventive services. In addition, psychological factors such as fear and anxiety may deter people 
from getting cancer screenings (Wu, 2003). 
 
5.2.3 Research question 3: Does major or persistent depression moderate the impact of chronic 
disease diagnosis on health behaviors? 
 Consistent with the hypothesis of this study, the increase in utilization of influenza 
vaccination attributable to a chronic disease diagnosis was smaller among persons with major or 
persistent depression at baseline. However, the moderating effects of baseline depression on 
other health behaviors were not statistically significant. Nevertheless, the patterns of these 
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moderating effects appear to be consistent with the study hypotheses, with the exception of 
prostate exams. Specifically, baseline depression tended to predict greater rates of smoking and 
drinking and lower rates of cholesterol test after a chronic disease diagnosis, suggesting that the 
health promoting effect of a chronic disease diagnosis might be smaller for persons with 
depression.  
This study may be underpowered to detect these differences due to relatively small 
number of persons with chronic disease and comorbid depression in this study sample (n=773) 
and the nature of the modeling techniques used. Mixed-effect logit models are particularly 
vulnerable to the underpowered problem because these models rely on within-subjects variance 
in the outcome variables. When only a small proportion of participants experienced any change 
in behavioral outcomes (which is the case in this study), modeling results can be severely 
underpowered. 
Furthermore, participants with depression at baseline may have received treatment for 
depression during chronic disease management because depression is increasingly recognized as 
a common comorbidity in chronic disease (Lichtman et al., 2009), resulting in reduced 
depressive symptoms in the baseline depressed group (hence, smaller difference between the 
baseline depressed group and the non-depressed group). Alternatively, a proportion of 
individuals initially free of depression may have subsequently developed depression after being 
diagnosed with a chronic disease, causing increased depressive symptoms in the non-depressed 
group at baseline. Depression after a diagnosis of chronic disease is not uncommon (Cole & 
Dendukuri, 2003). In addition, some medications commonly prescribed to treat chronic diseases, 
such as Digitalis for heart disease and Beta2-Agonists for COPD may cause or worsen 
depression and anxiety (Schleifer et al., 1991; Smucny, Flynn, Becker, & Glazier, 2001). This 
again, would cause smaller difference between the two groups. The subsequently smaller 
difference between the baseline depressed group and the non-depressed group may explain why 
the impacts of chronic disease diagnosis on health behaviors were comparable between the two 
groups. 
 
5.2.4 Research question 4: Do chronic disease diagnosis and major or persistent depression 
affect long-term maintenance of health behaviors? 
 Consistent with evidence from relevant intervention studies (Ziedonis et al., 2008; 
58 
 
Zvolensky et al., 2014), persons with major or persistent depression were more likely to report 
smoking relapse after their initial smoking cessation. Similarly, persons with major or persistent 
depression were more likely to return to be physically inactive after initially becoming active. As 
detailed in the conceptual framework, individuals with depression are presumed to have negative 
self-beliefs and perceptions of uncontrollability, which negatively affect their self-efficacy. Self-
determination, self-control, competency or self-efficacy have been identified as important 
individual-level predictors of long-term maintenance of behavior changes (Bellg, 2003; Litt, 
Kleppinger, & Judge, 2002; Schwarzer et al., 2007), including smoking cessation (Baldwin et al., 
2006; Gwaltney, Metrik, Kahler, & Shiffman, 2009). Alternatively, individuals with major or 
persistent depression at baseline are more likely to have recurrent depressive symptoms during 
the follow-up, which may prompt them to start smoking again to reduce symptoms (self-
medication) (N. Breslau et al., 1998). Recurrent, depressed moods may also discourage 
individuals from engaging in both solitary and social physical activities. It is also possible that 
individuals with depression experience functional limitations of greater severity, which impedes 
physical function and increases discontinuation of vigorous physical activity. 
 The finding that having a new chronic condition predicted physical activity relapse is not 
surprising. As mentioned previously, older adults with chronic disease experience significant 
physical, psychological, and cognitive barriers to physical activity (Damush et al., 2007; Lim & 
Taylor, 2005; Rasinaho et al., 2007; Rimmer et al., 2004). 
 Only a few additional risk factors for behavior relapse were identified. Older age was 
associated with higher odds of relapse in smoking, drinking, and physical activity. The result that 
age predicted discontinuation in vigorous physical activity is not surprising given that physical 
function declines with age. However, the findings that age was positively associated drinking 
and smoking relapse seem to be inconsistent from previous studies, where age was found to be 
negatively associated with relapse (McWhorter, Boyd, & Mattson, 1990; Oslin, Pettinati, & 
Volpicelli, 2002; Salive et al., 1992) or not associated with relapse (Garvey, Bliss, Hitchcock, 
Heinold, & Rosner, 1992; Janik & Dunham, 1983). The reasons underlying these inconsistencies 
are not clear. Age may be negatively associated with smoking and drinking relapse because older 
adults have higher level of self-determination. Another consideration is survival bias—persons 
who adhered to healthy behaviors live longer. A competing theory that emphasizes the 
importance of past behavior in the predicting of future behavior (Ajzen, 1991) supports a 
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positive association between age and relapse. Changes in behaviors may be more difficult to 
maintain for older persons because these behaviors are more likely to have developed into habit. 
Males were more likely to report drinking relapse compared with their female 
counterparts. Previous studies have reported gender differences in drinking and other substance 
use relapse (Rubin, Stout, & Longabaugh, 1996; Walitzer & Dearing, 2006). There are several 
possible explanations why drinking relapse might be more common in males. Women are 
considered more vulnerable to the adverse consequences of heavy drinking, including alcohol-
related heart disease, violent victimization, and traffic fatalities (National Institute on Alcohol 
Abuse and Alcoholism, 1999). Perceptions of vulnerability may deter women from relapse. 
Moreover, among treated alcoholics, women are more likely to seek treatment quickly than men 
(Randall et al., 1999), which may result in fewer future relapses. 
 
5.3 Limitations 
 A few limitations of this study should be noted. Neither CES-D nor CIDI-SF asks 
questions regarding the organic nature of depressive symptoms, that is, whether the symptoms 
are a result of physical illness, medication, substance abuse, and bereavement or other traumatic 
events. It should also be noted that CIDI-SF does not assess specific psychiatric disorders but 
rather identifies major depressive episodes, which could occur within several different 
psychiatric disorders (e.g., psychotic disorders, bipolar disorder, and major depressive disorder) 
(Wallace et al., 2000). By assessing depression using CIDI-SF and repeated measures of CES-D, 
it is unclear what subtypes of depression the assessment of major or persistent depression this 
study uses.  
Furthermore, depression was measured at the beginning of the study only. Participants 
with depression at baseline might have received treatment and gotten better subsequently. 
Alternatively, participants without depression at baseline could have developed depressive 
symptoms during the follow-up due to changes in health status, medication use, and life 
transitions. As a result, the estimated effects of depression on health behavior changes and 
maintenance may not reflect the true “treatment” effects of baseline depression. 
 Self-reported chronic disease diagnoses are prone to recall errors and bias. The data files 
used in the study have been well cleaned and disputes about chronic diseases diagnoses across 
waves have been resolved. Therefore, recall errors are unlikely to be a significant cause of 
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concern. However, self-reported diagnosis systematically excludes people with undiagnosed or 
underdiagnosed illnesses. For example, over 8 million people are estimated to live with 
undiagnosed diabetes (National Center for Chronic Disease Prevention and Health Promotion, 
2014). Because the bias of underreporting is likely to be systematically associated with 
respondents' individual characteristics, the estimated impacts of disease diagnoses on health 
behaviors are likely to be biased. For example, Chang et al. (2013) found that lower income and 
education levels, black race, and depression were risk factors for underdiagnosis of certain type 
of cardiovascular disease. As a result, the estimated impact of disease diagnosis on health 
behaviors are likely to be biased downwards for these individuals. 
 Preventive health services utilization was assessed every 4 years. The estimated 
utilization rates are likely to overestimate the prevalence of middle-aged and older adults who 
are up-to-date with influenza vaccination, cholesterol checks, prostate exams and mammograms. 
 Caution is warranted when making inferences regarding short-term behavior changes 
induced by a chronic disease diagnosis. The HRS interviews occur approximately every two 
years and some questions probe health behaviors in the past few months to a year before the 
interview. The relatively long interval between interviews does not allow the examination of 
short-term changes in health behavior. Short-term behavior changes are not uncommon but may 
be difficult to maintain in the long-term (Rothman, 2000). For example, research has shown that 
only about one-fifth of overweight individuals are successful at long-term weight loss, defined as 
losing at least 10% of initial body weight and maintaining the loss for at least a year (Wing & 
Phelan, 2005). It is possible that participants who made initial changes had already reversed to 
unhealthy behaviors prior to the first interview after diagnosis. Therefore, this study is likely to 
underestimate the short-term changes induced by a new diagnosis. Nevertheless, given that short-
term changes do not improve health as much as long-term changes, the findings of the proposed 
study are likely to be more meaningful for health promotion with the aging population. 
Another limitation is weakness associated with crude and self-reported measures of 
drinking and physical activity. Self-reported drinking and physical activity measures are subject 
to reporting errors and social desirability bias. The drinking measure was based on quantities of 
drinks consumed and did not assess amount of alcohol consumption. Self-reported physical 
activity measures generally perform poorly when compared with objective measures of physical 
activity (S. A. Prince et al., 2008). In addition to limitations associated with self-report, the crude 
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physical activity measure did not distinguish physical activities of different types (e.g., work vs 
leisure-time, aerobic vs strenuous), nor did it capture lower to moderate intensity activity. The 
threshold of vigorous physical activity ≥ 3 times per week does not seem to consider the aerobic 
fitness of older adults. For example, activities that maintain or increase flexibility and balance 
exercises are recommended for older adults and middle-aged adult with chronic conditions 
(Nelson et al., 2007). It is possible that some participants would have been considered physically 
active if a finer measure of physical activity that considers the aerobic fitness of older adults was 
used. The estimates of physical activity in this study are likely to have underestimated the fitness 
level of study participants. 
Other lifestyle behaviors, including weight loss and nutrition intake, were not assessed in 
this study. Although measures of body mass index (BMI) are available in the HRS dataset, they 
were not used because body weight itself is not a health behavior per se. Besides, BMI does not 
distinguish between body fat and lean body mass, and is not as accurate a predictor of body fat in 
older adults as it is in their younger counterparts (Snijder, van Dam, Visser, & Seidell, 2006). 
More importantly, the HRS dataset does not distinguish between intentional weight loss and 
unintentional weight loss. Unintentional weight loss caused by the progression of illnesses is not 
uncommon (Williamson, 1998). It is impossible to tease out the proportion of unintentional 
weight loss induced by progression of disease from intentional weight loss motivated by a 
chronic disease diagnosis. 
In addition, results based on data from prospective cohort study should be interpreted as 
correlations rather than causations. It is difficult to establish a time order between a chronic 
disease diagnosis and initial behavior change because interviews are conducted every two years 
and based on recall of events happened since last interview. Participants may have changed their 
health behavior prior to receiving a chronic disease diagnosis. Although I utilized econometric 
methods to mimic experimental designs, the endogeneity of the “treatment” (in this case, a 
chronic disease diagnosis) could undermine the validity of DD estimator particularly when the 
treatment is systematically associated with the outcomes. More importantly, it is difficult to 
pinpoint the causes of behavior change around the time of diagnosis. It remains unclear whether 
it is the diagnosis itself or services and education received around the time of diagnosis that 
makes individuals to change their health behaviors. 
Finally, several restrictions regarding generalizability are worth nothing. Participants 
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with chronic diseases at baseline, which were half of all HRS participants, were excluded from 
the analyses. The study sample therefore consisted of individuals who were relatively healthy in 
their midlife or older adulthood. The applicability of the findings regarding behavior 
maintenance is also restricted to people who have initiated behavior changes. 
 
5.4 Implications for health promotion practice 
 A considerable number of middle-aged and older adults adopted healthy behaviors after 
being diagnosed with a chronic disease, suggesting that a new diagnosis can serve as a window 
of opportunity for health promotion across a range of chronic conditions. Targeting middle-aged 
and older adults with newly diagnosed chronic disease may augment the effectiveness of health 
behavior interventions because these individuals may be particularly receptive to change. This 
targeted population can be conveniently reached at clinics, hospitals, and other health care 
settings as they attend appointments for their new diagnosis. In particular, health care providers 
at these settings who have frequent contact with the targeted patient population could provide 
brief in-office health counseling shortly after delivering the diagnosis. There is evidence that 
even brief advice by health care providers can promote positive behavior changes (Bull & 
Jamrozik, 1998; Glasgow, Eakin, Fisher, Bacak, & Brownson, 2001; Greenlund, Giles, Keenan, 
Croft, & Mensah, 2002). It might be equally beneficial to provide ongoing health counseling 
during the next couple of office-visits, as this study suggests that a sizeable subset of individuals 
changed their behaviors within the 2 years after their diagnoses. This is important, as current 
evidence suggests that adults with chronic diseases are not consistently advised by health care 
providers to engage in health behaviors (Fallon, Wilcox, & Laken, 2006; Lobo, Loeb, 
Ghushchyan, Schauer, & Huebschmann, 2012; Morrato, Hill, Wyatt, Ghushchyan, & Sullivan, 
2006; Nguyen, Markides, & Winkleby, 2011; Xiang, Hernandez, & Larrison, 2015). 
 New chronic disease diagnosis provides opportunity to deliver multiple health behavior 
change interventions (MHBC). As mentioned previously, MHBC focuses on promoting multiple 
health behaviors either simultaneously or sequentially within a limited time period (Prochaska et 
al., 2008). MHBC interventions contend that treating multiple behaviors is as effective, if not 
more, as targeting each behavior separately without reducing the effectiveness of treating one 
behavior at a time (Nigg & Long, 2012). If that’s the case, MHBC interventions can use 
resources more efficiently (Nigg, Allegrante, & Ory, 2002). However, many MHBC 
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interventions studies conducted in the past have met with limited success (Prochaska et al., 2008). 
My study findings suggest that a chronic disease diagnosis can induce change in multiple health 
behaviors simultaneously. MHBC interventions could take advantage of a chronic disease 
diagnosis as a TM to improve effectiveness. 
 Patient education on the health consequences of health risk behaviors may be beneficial 
to promote behavior change among middle-aged and older adults with a newly diagnosed 
chronic disease. Although significant changes in a variety of health behaviors were found, some 
changes were small and might be of little substantive significance. It appears that individuals 
were more likely to make changes in response to conditions for which the health behaviors are 
considered prominent risk factors. For example, smoking is a widely recognized risk factor for 
lung disease. As a result, individuals with a new diagnosis of lung disease reported the largest 
reduction in overall smoking rates. In contrast, drinking may not be considered a prominent risk 
factor for any of conditions examined (with the exception of certain cancers). As a result, 
changes in drinking were small albeit of statistical significance. Nevertheless, engaging in 
healthy lifestyle behaviors and utilizing preventive services can promote overall health, decrease 
disability and premature mortality, and reduce medical costs (Akesson et al., 2014; Rejeski et al., 
2012; Stampfer et al., 2000; Wannamethee et al., 2000). Given the importance of perceived 
benefits in motivating behavior change, health care providers should continue educating patients 
regarding the benefits of engaging in health behaviors. Providers should pay special attention to 
health behaviors that may not be perceived as an immediate risk factor for the relevant condition. 
This is important, as there’s some evidence that patient education tends to be guided by visible 
comorbidities associated with unhealthy behaviors rather than an assessment of the patients’ 
actual lifestyles (Kreuter, Scharff, Brennan, & Lukwago, 1997). 
 In addition to general health advice and education, a specialized behavioral intervention 
may be needed to reduce smoking among middle-aged and older adults newly diagnosed with 
chronic lung disease. Although individuals with lung disease experienced the greatest overall 
reduction in smoking rate, over a quarter of patients remained as current smokers after diagnosis. 
This suggests that a diagnosis alone may be insufficient in motivating people to change, 
particularly for intransient addictive behaviors. It may be beneficial for primary care providers to 




 Furthermore, this study highlights the need for physical activity promotion interventions 
among middle-aged and older adults with chronic disease that are feasible for them and can be fit 
into particular lifestyles. It may be beneficial for health care providers to address barriers to 
physical activity unique to the targeted population, such as fear of injury, misconceptions of 
exercise risk, and low exercise self-efficacy due to declining physical functions. Some have 
suggested that physical activity should be prescribed to older patients and documented in the 
medical record (Kallings, Leijon, Hellenius, & Stahle, 2008). Behavior intervention programs 
that contain multidimensional activity (e.g., endurance, strength, balance, and flexibility), target 
principles of behavior change (e.g., social-support, self-efficacy, assurance of safety), and 
manage risk by starting with low intensity but gradually increasing to moderate physical activity 
are some key features of effective physical activity programs for older adults (Cress et al., 2005). 
In addition, provider-patient communication about changes in physical activity is crucial because 
safe exercise is determined by complex factors including mediation, progression of disease, and 
comorbidity (Cress et al., 2005). Health care providers are advised to coordinate with exercise 
professionals to develop physical activity plans for older adults with multiple chronic conditions. 
Engaging middle-aged and older adults with depression in health behavior counseling 
and programs is equally important. In particular, promoting physical activity can potentially 
alleviate depressive symptoms and improve sociability (Penedo & Dahn, 2005; Richardson et al., 
2005; Strawbridge et al., 2002). Evidence from systematic reviews and meta-analyses suggested 
that exercise had comparable effects as those of psychotherapies (Craft & Landers, 1998; Lawlor 
& Hopker, 2001; Stathopoulou, Powers, Berry, Smits, & Otto, 2006). Some have recommended 
integrating lifestyle change programs with a focus on physical activity promotion into routine 
mental health services to improve mental health and quality of life among patients with serious 
mental illness, such as major depression (Richardson et al., 2005). Richardson et al. (2005) 
argued that mental health professionals, such as clinically trained social workers, are well 
positioned to provide lifestyle interventions for several reasons. First, they have frequent contact 
with patients with serious mental illness. Second, they have been trained to be sensitive and 
supportive to the needs of this patient population. Third, lifestyle changes may play an important 
role in mental health recovery. When such programs are not available at the mental health 
agencies, mental health providers are advised to refer patients to exercise facilities such as gyms 
or leisure centers for supervised exercise (Callaghan, 2004).  
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Finally, for patients with depression and comorbid chronic disease, coordinated care is 
needed to address both the mental health and physical health needs of patients. The involvement 
of primary care providers is essential to legitimize the inclusion of lifestyle behavior counseling 
within an individual’s care plan (Richardson et al., 2005). Primary care physicians can work 
collaboratively with mental health professionals and exercise specialists to reinforce efforts to 
reach behavioral targets and address barriers to physical activity. 
 
5.5 Implications for health policies 
 This study underscores the urgency for population-based health promotion initiatives 
among middle-aged and older adults with chronic diseases. Although some people adopted 
healthy behaviors after a chronic disease diagnosis, the majority did not change and vigorous 
physical activity declined for most. The Patient Protection and Affordable Care Act of 2010 
(PPACA) provided opportunities for addressing the need for secondary prevention. Section 4103 
of the PPACA establishes Medicare Annual Wellness Visit program beginning in 2011, which 
includes a health risk assessment (HRA) and a customized wellness or personal prevention plan 
without cost sharing (Koh & Sebelius, 2010). This new benefit supplements the “Welcome to 
Medicare” preventive visit, a one-time assessment offered to newly enrolled beneficiaries. The 
Annual Wellness Visit is intended to prevent or delay the progression and exacerbation of 
chronic diseases by highlighting lifestyle behaviors that beneficiaries can adopt. This is 
accomplished by encouraging individuals to take active role in accurately evaluating their current 
health and wellness behaviors, followed by advice and counseling on ways to become healthier 
(Goetzel et al., 2011). Full coverage of many preventive services recommended by the US 
Preventive Service Task Force will also be available for Medicare beneficiaries without cost 
sharing (Koh & Sebelius, 2010). This study suggests that it might be beneficial to consider the 
timing of a diagnosis in the development of HRA guidelines and individualized personal 
prevention plan. 
Holistic promotion of mental health through prevention, education, treatment, and 
rehabilitation during midlife and older adulthood is warranted to minimize suffering, improve 
overall functioning and quality of life, and limit inappropriate use of health care resources. 
Various factors such as functional limitations, weakened immune system, comorbidity, and 
social isolation make older adults particularly vulnerable to the health consequences of 
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depression (Chapman & Perry, 2008). Fortunately, depression can be successfully treated in 
elderly patients (Alexopoulos et al., 2001). There has been increasing evidence on the 
effectiveness of universal, selective, and indicated depression prevention programs (Jane-Llopis, 
Hosman, Jenkins, & Anderson, 2003; van Zoonen et al., 2014), and some of these programs 
specifically target the elderly with complex medical problems (de Jonge et al., 2009; Konnert, 
Dobson, & Stelmach, 2009). Even major depression can be potentially prevented (Munoz, 
Beardslee, & Leykin, 2012). Nevertheless, depression prevention and treatment in the elderly 
present significant barriers due to perceived stigma associated with mental illness (N. Graham et 
al., 2003) and misperceptions of depression as a normal part of aging (Sarkisian, Lee-Henderson, 
& Mangione, 2003). Additional challenges include concurrent cognitive decline, physical 
comorbidities, and functional limitations during the aging process. The comorbidity of 
depression and chronic diseases may also complicate medication regimens. Because older adults 
with chronic disease may need to take multiple medications on a daily basis, adding 
antidepressant medications might be problematic. As a result, depression in the elderly is 
frequently missed, improperly diagnosed, and inadequately treated (Birrer & Vemuri, 2004; D. S. 
Charney et al., 2003; Crabb & Hunsley, 2006; Licht-Strunk, Beekman, de Haan, & van Marwijk, 
2009). Increasing awareness of the importance of mental health services, implementing quality 
improvement strategies, developing financial models to support collaborative care, and fostering 
communication and information sharing among different agencies are some potential policy 
remedies (W. Katon, Unutzer, Wells, & Jones, 2010; Meredith et al., 2006) .  
 
5.6 Implications for research on health promotion in midlife and older adulthood 
Building on this study, I have identified several important areas for further research. 
Future research needs to examine the mechanisms through which a chronic disease diagnosis 
affects health behaviors. The cognitive mechanisms proposed in the theoretical model of TM 
(McBride et al., 2003) need to be empirically tested. Alternative explanations could also be true. 
For example, patients may change behaviors after a diagnosis because of recommendations from 
a health care provider (Glasgow et al., 2001) or as part of their chronic disease treatment and 
management. Elucidating the underlying mechanisms is important in developing the utility of 
chronic disease as a TM for future research and practice.  
The theoretical model of TM needs to be refined to specify the influences of individual, 
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contextual, and structural characteristics in the cognitive response of a cueing event. This study 
evaluated whether depression is an important predisposing factor. Other important factors 
remained understudied, such as socio-economic characteristics, other types of mental disorders, 
cognitive functioning, and cultural characteristics. Identifying additional population subgroups 
that are less responsive to a TM is warranted to develop targeted and individualized interventions. 
Our understanding of chronic disease as a TM can be improved by further specification 
of the potential differential impacts of varying types of chronic conditions. The results of this 
study suggest that while the overall patterns of behavior change are similar after different chronic 
disease diagnoses, the magnitude of change appears to vary to a certain degree depending on the 
condition and the health behavior. However, a formal evaluation of these differences is beyond 
the scope of this study and requires additional work. One challenge is the current lack of 
theoretical models to guide such an evaluation. An essential piece of knowledge that is currently 
missing is what types of chronic condition produce stronger cognitive responses (or perhaps, 
whether types of chronic condition are systematically associated with cognitive responses). 
Qualitative inquiries may be beneficial to identify patterns of cognitive responses to different 
disease diagnoses. 
The utility of chronic disease as a TM can also benefit from including people with 
multiple chronic conditions in research. To reduce potential confounding effect, this study 
excluded people with a prior diagnosis of chronic diseases. Although such approach is necessary 
to obtain unbiased estimates of a specific diagnosis on health behaviors, it systematically 
excludes middle-aged and older persons with multiple chronic conditions—estimated to be half 
of older adults in the U.S. (He et al., 2005). Inclusion of persons with multiple chronic conditions 
is needed to assess the sensitivity of behavior change to a new diagnosis in the presence of an 
existing chronic condition. Are the effects of chronic disease diagnoses on health behavior 
diminished as people are diagnosed with more conditions? An alternative hypothesis could also 
be true, that is, persons who receive a new diagnosis may be more receptive to behavior change 
due to increased susceptibility. Answering these questions are important to develop effective 
health promotion interventions. 
Intervention studies are required to examine whether health promotion interventions 
undertaken at time of a diagnosis produce greater change. Such investigation is essential to 
support the causal effect of a chronic disease diagnosis as a TM. If such an effect exists, 
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intervention studies should probe the optimal time frame, settings, and individual and contextual 
factors that may influence the effectiveness of relevant interventions. 
The field of MBHC can be advanced by systematically evaluating the effect of chronic 
disease diagnosis and other cueing events on multiple health behavior change. Large gaps in 
MHBC knowledge and efficacy remain; evidence on the benefits of MHBC interventions in 
older adults is particularly lacking (Nigg & Long, 2012). One challenge to the advancement of 
MBHC research is that many multi-behavioral studies conducted over the past 30 years have 
produced disappointing and largely null outcomes (Prochaska et al., 2008). In this study, I 
demonstrated that chronic disease diagnosis has potential to induce change in multiple health 
behaviors simultaneously. Future studies should confirm this finding using different samples and 
methodologies that are more suitable for analyzing multiple behavior changes. In this study, 
health behaviors are examined separately, which can be inefficient and prone to inflated type 1 
error. Some alternative approaches include composite behavioral indices and analytical 
approaches that can accommodate multiple outcomes (e.g., factor analysis, cluster analysis or 
latent class analysis, multivariate analysis of variance, certain types of survival analyses with 
multiple-failure data, and structural equation modeling). In addition, intervention studies are 
warranted to test the effectiveness of multi-behavioral interventions at or around the time of a 
chronic disease diagnosis. 
Finally, this study highlights the need for health promotion research to focus on physical 
activity among middle-aged and older adults with chronic disease. In this study, vigorous 
physical activity was the only behavior outcome that deteriorated over time after a chronic 
disease diagnosis. Physical activity promotion has the potential to reduce disability and demands 
for long-term care services, and lower health care costs (Miller, Rejeski, Reboussin, Ten Have, 
& Ettinger, 2000). This is increasingly important as the demographic landscape of the nation 
transforms to an aging population. However, current knowledge regarding physical activity in 
older adults with chronic disease is limited. Future research in this area needs to elucidate 
patterns of engagement in physical activity based on population-based data and objective 
measures (Sun, Norman, & While, 2013), identify barriers and facilitators of physical activity 
(Moschny, Platen, Klaassen-Mielke, Trampisch, & Hinrichs, 2011; O. Thorpe, Johnston, & 
Kumar, 2012), and develop and test individual and population-based interventions to promote 






This study examined whether a chronic disease diagnosis could reduce health risk 
behaviors, and if so, whether major or persistent depression modified the effects of a chronic 
disease diagnosis on health behaviors in a sample of middle-aged and older adults initially free 
of a chronic disease. Barriers and facilitators of behavioral maintenance were also assessed. 
Compared with healthy controls, middle-aged and older adults with chronic disease had greater 
reductions in overall rates of smoking and excessive drinking, and greater improvements in 
overall rates of influenza vaccination, cholesterol check, and prostate exam (for men only) 
following a diagnosis of chronic disease. However, a chronic disease diagnosis was associated 
with a greater decline in vigorous psychical activity. Middle-aged and older adults with major or 
persistent depression at baseline tended to report smaller behavior changes after a chronic 
disease diagnosis, but the modifying effect was statistically significant only for the receipt of 
influenza vaccination. Major or persistent depression also predicted smoking and physical 
activity relapse after smoking cessation and vigorous physical activity were initiated, 
respectively. 
Chronic disease diagnosis may be an important TM for improvement in multiple health 
behaviors simultaneously. Health promotion programs in midlife and older adulthood could 
improve effectiveness if targeted at those with a newly diagnosed chronic disease. More focused 
and intensive interventions are needed for those with chronic disease and comorbid depression to 
produce meaningful behavior change outcomes. In addition, holistic promotion of mental health 
is important to reduce the disease burden of older adults. Future research needs to elucidate the 
mechanisms through which chronic disease diagnosis affects health behaviors, develop and test 
the effectiveness of interventions utilizing the TM effect of a chronic disease diagnosis, and 
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